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Abstract: 

According to the present invention, there is provided an electrode plate for a 
water electrolysis device, which is formed from a metal plate having such a 
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(57) According to the present invention, there is pro- 
vided an electrode plate for a water electrolysis device, 
which is formed from a metal plate having such a thick- 
ness as to be capable of being press-fomned, and which 
comprises a flat plate portion, and a peripheral edge por- 
tion positioned on the outer side of the flat plate portion 
and bent so that recesses and protrusions are alternate- 
ly arrayed along an outer peripheral edge thereof. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to an electrochemical 
cell for water electrolysis, and related parts for the elec- 
trochemicat cell. 

[0002] A first aspect of the present Invention relates 
to an electrode plate for water electrolysis device, elec- 
trode plate unit and electrochemical cell. More specifi- 
cally, it relates to an electrode plate and electrode plate 
unit used in a water electrolysis device such as a hydro- 
gen/oxygen generator for generating oxygen gas, hy- 
drogen gas or the like by water electrolysis, as well as 
an electrochemical cell using this electrode plate unit. 
[0003] A second aspect of the present invention re- 
lates to a solid electrolyte membrane unit of a water 
electrolysis device, and an electrochemical cell. More 
specifically, it relates to a solid electrolyte membrane 
unit and an electrochemical cell used in a water elec- 
trolysis device such as a hydrogen/oxygen generatorfor 
producing high purity hydrogen and oxygen gases by 
water electrolysis. 

[0004] Third and fourth aspects of the present inven- 
tion relate to a water electrolysis device such as a hy- 
drogen/oxygen generator for generating oxygen gas 
and hydrogen gas by water electrolysis or the like. More 
specifically, they relate to an electrode plate, electrode 
plate unit, electrochemical cell and the like, which are 
used for constituting the water electrolysis device. 

BACKGROUND OF THE INVENTION 

[0005] As disclosed in Japanese Patent Application 
Laid-open No. Hel -8-239788, a conventional hydrogen/ 
oxygen generator Is incorporated with an electrochem- 
ical cell for performing the water electrolysis, which is a 
main function of the device. The electrochemical cell 
comprises predetennlned sets of solid electrolyte mem- 
brane units that are in parallel array with each other. 
Each of the solid electrolyte membrane units has elec- 
trode plates disposed on the opposite sides of a solid 
electrolyte membrane with forming spaces between 
them, in which one space forms an anode chamber as 
an oxygen generating chamber and the opposite space 
forms a cathode chamber as a hydrogen generating 
chamber Each chamber accommodates a porous elec- 
tric current supplier. 

[0006] In the case of a bipolar electrochemical cell, 
applying a DC voltage between the outermost electrode 
plates of the solid electrolyte membrane units in parallel 
array with each other allows these electrode plates to 
respectively act as monopolar electrode plates of anode 
and cathode, and the electrode plates between the out- 
erniost electrode plates to act as bipolar electrode 
plates, each of which having opposite side surfaces re- 
spectively acting as anode and cathode. That is, a space 
between each solid electrolyte membrane and an anode 



side of each electrode plate forms an anode chamber, 
while a space between each solid electrolyte membrane 
and a cathode side of each electrode plate f omns a cath- 
ode chamber. 

5 [0007] For example, in electrochemical cell 151 illus- 
trated in FIG. 6, reference numeral 152 represents a bi- 
polar electrode plate disposed in the middle of the elec- 
trochemical cell (see FIG. 7), and reference numerals 
153a and 153b respectively represent end electrode 

10 plates, that Is, monopolar electrode plates respectively 
disposed at the opposite ends. Reference numerals 1 54 
and 155 respectively represent solid electrolysis mem- 
branes and porous electric current suppliers. Reference 
numerals 156 represent annular gaskets made of sili- 

15 cone rubber for isolating the porous electric current sup- 
pliers 155 from the outside. Reference numerals 157 
represent annular protection sheets. Also, reference nu- 
merals 158, 158a, 161 and 161a respectively represent 
an oxygen gas take-out conduit, an oxygen gas distrib- 

20 uting passage, a water drainage conduit for the cathode 
chamber, and a water drainage passage. Although In 
this Figure, demineralized water feeding conduit 160, 
demineralized water distributing passage 160a, hydro- 
gen gas take-out conduit 1 59 and hydrogen gas distrib- 

25 uting passage 1 59a are not illustrated, it will become ap- 
parent that they are arranged In a similar manner as the 
oxygen gas take-out conduit 158 and the oxygen gas 
distributing passage 158a once reference is also made 
to FIG. 7. Reference numerals 1 62 in FIG. 6 respectively 

30 represent end plates, which are tightened together at 
corresponding peripheral edge portions, i.e., gaskets in 
this Figure by fastening bolts, which pass through the 
electrode plates and the like, so that the electrochemical 
cell 151 Is assembled. 

35 [0008] The porous electric current suppliers are made 
of a material penneable to gases such as mesh and sin- 
tered material, allowing fluid to be freely distributed 
passing through the side surfaces of those electric cur- 
rent suppliers. 

40 [0009] The conventional electrode plate 152 is of a 
simple, flat plate shape, and made of a thick titanium 
plate since it is necessary to form the respective fluid 
passages 158a, 159a, 160a, 161 a in the electrode plate 
1 52 and also fornn gasket seats for these respective pas- 

45 sages. 

[0010] Meanwhile, the conventional electrochemical 
cell uses electrode plates of the above-mentioned type, 
which are simply flat-shaped and made of a thick titani- 
um plate. The electrode plates of this type do not pos- 

50 sess elasticity, so that the sealing of the oxygen gener- 
ating chamber and the hydrogen generating chamber 
against the outside relies on elasticity of gaskets 
stacked on these electrode plates. Accordingly, when 
fastening the bolts for assembling the electrochemical 

55 cell, it is necessary to fasten them with sufficient tight- 
ening force to exert sealing ability of the gaskets. On the 
other hand, in the conventional electrochemical cell as 
illustrated in FIG. 6, the gaskets are merely stacked on 
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the electrode plates of a simple, flat ptate shape, so that 
excessive tightening force may cause the gaslcets to de- 
fonn and hence outwardly and inwardly protrude. Such 
deformation of the gasl<ets is likely to Invite creep. Par- 
ticularly, since the temperature of the device itself is in- 
creased due to heating by the water electrolysis during 
the operation of the device, the creep of the gaskets 
tends to be accelerated. Therefore, In order to compen- 
sate for the creep, the fastening bolts must be fastened 
with larger tightening force. However, this larger tight- 
ening force may further invite creep, and therefore 
cause difficulty in pressing on sealing surfaces at a pre- 
determined pressing force. 

[0011] The oxygen generating chamber and the hy- 
drogen generating chamber respectively have inner 
pressures increased during the operation of the electro- 
chemical cell due to generated oxygen and hydrogen 
gases. As described above, in the conventional electro- 
chemical cell, the soft gaskets are merely stacked on 
the simply flat-shaped electrode plates, so that the gas- 
kets may protrude to the outside subsequent to the in- 
crease In inner pressures of the hydrogen and oxygen 
generating chambers. Accordingly, there poses a prob- 
lem that the conventional electrochemical cell is unlikely 
to withstand high-pressure application which involves 
generation of high-pressure oxygen or hydrogen gas. 
[001 2] The gaskets also have much larger coefficient 
of themnal expansion than that of other parts. As de- 
scribed above, the conventional electrochemical cell us- 
es the electrode plates made of a thick titanium plate 
and therefore the electrode plates themselves do not 
possess the elasticity. As a result, the thermal expan- 
sion of the gaskets may invite the Increase In the tight- 
ening force by the fastening bolts, posing various prob- 
lems on the electrochemical cell. 
[0013] Meanwhile, the electrode plates must maintain 
a good contacting relationship with adjacent porous 
electric current suppliers, and therefore are required to 
have opposite side surfaces formed with high flatness 
and parallelism. However, since the thick titanium plate 
as described above is usually manufactured by hot roll- 
ing, it resultingly has poor flatness and parallelism. This 
poses the necessity to perfomri additional flattening op- 
eration of the titanium plate before used for the electrode 
plate. 

[0014] In this regard, there was proposed an elec- 
trode plate that is fomned by a plurality of thin metal 
plates combined together to achieve an equivalent func- 
tion as the conventional electrode plate (see the official 
gazette of Japanese Patent Application Laid-open No. 
9-263982). However, the use of plurality of metal plates 
as a single electrode plate causes higher contacting 
electrical resistance during the operation, and therefore 
invites increase in supplying voltage required for oper- 
ation. As a result, there may cause a problem that the 
energy efficiency during the operation is deteriorated. 
[0015] The first aspect of the present invention was 
conceived in light of the problems involved in the con- 



ventional technique. Therefore, it is an object of the 
present invention to provide an electrode plate that is 
capable of Improving the pressure strength, while main- 
taining a sufficient elasticity. It is another object of the 
5 present invention to provide an electrode plate that is 
capable of maintaining a high sealing effect of a gasket. 
It is stilt another object of the present invention to pro- 
vide an electrochemical cell that has an Improved pres- 
sure strength, gaskets with highly maintained sealing ef- 
10 feet, and is easy to be assembled. 

[0016] Also, as described In the aforesaid Japanese 
Patent Application Laid-open No. Hei-8-239788, the 
conventional hydrogen/oxygen generator Is incorporat- 
ed with an electrochemical cell for perfomning the water 
15 electrolysis, which is a main function of the device. The 
electrochemical ceil Is comprised of predetennined sets 
of solid electrolyte membrane units that are In parallel 
array with each other. The solid electrolyte membrane 
units each have electrode plates disposed on the oppo- 
se site sides of a solid electrolyte membrane with forming 
spaces between them, in which one space fonns an an- 
ode chamber and the opposite space forms a cathode 
chamber. Each chamber accommodates a porous elec- 
tric cun-ent supplier. 
25 [001 7] According to a bipolar electrochemical cell , ap- 
plying a DC voltage between the outemiost electrode 
plates of the solid electrolyte membrane units in parallel 
array with each other allows these electrode plates to 
respectively act as monopolar electrode plates of anode 
30 and cathode, and middle electrode plates to act as bi- 
polar electrode plates each having opposite side surfac- 
es respectively acting as anode and cathode. That Is, a 
space between each solid electrolyte membrane and an 
anode side of each electrode plate fonns an anode 
35 chamber, while a space between each solid electrolyte 
membrane and a cathode side of each electrode ptate 
fomns a cathode chamber. 

[0018] For example, In electrochemical celt 251 Illus- 
trated in FIG. 15, reference numeral 252 represents a 
40 bipolar electrode ptate disposed in the middle portion of 
the electrochemical cell (see FIG. 1 6), and reference nu- 
merals 253a and 253b respectively represent end elec- 
trode plates (monopolar electrode plates) respectively 
disposed at the opposite ends. Reference numerals 254 
45 and 255 respectively represent solid electrolysis mem- 
branes and porous electric current suppliers. Reference 
numerals 256 represent annular gaskets made of sili- 
cone rubber for isolating the porous electric current sup- 
pliers 255 from the outside. Reference numerals 257 
50 represent annular protection sheets. Also, reference nu- 
merals 258, 258a, 261 , and 261 a respectively represent 
an oxygen gas take-out conduit, an oxygen gas distrib- 
uting passage, a water drainage conduit for the cathode 
chamber and a water drainage passage. Although in 
55 FIG. 15, demineralizedwaterfeeding conduit 260, dem- 
ineralized water distributing passage 260a, hydrogen 
gas take-out conduit 259 and hydrogen gas distributing 
passage 259a are not illustrated, it will become apparent 
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thatthey are arranged In a sim ilar manner as the oxygen 
gas take-out conduit 258 and the oxygen gas distribut- 
ing passage 258a once reference is also made to FIG. 
16. 

[001 9] The method of fonning the respective conduits 
and passages will be appreciated once reference is also 
made to FIG. 17(a) illustrating a part of the electrode 
plate 252 in cross section. That is, near the peripheral 
edge of the electrode plate 252 is formed a stepped 
shallow groove 262 that radially extends, forming an 
oval shape. FIG. 1 7(b) is a view as viewed from the line 
of XVII-XVII in FIG. 17(a). Shoulder portion 262a of the 
stepped groove 262 is a substrate seat on which oval- 
shaped substrate 263 is mounted (hereinafter referred 
to substrate platfonn 262a). Thus, an oval shaped pas- 
sage (represented by the hydrogen gas distributing pas- 
sage 259a) Is fonned. This substrate 263 fonns hydro- 
gen gas take-out conduit 264 in a similar manner at a 
position corresponding to the hydrogen gas take-out 
conduit 259. Hydrogen gas introducing hole 264b for 
connection between the cathode chamber (space filled 
with the porous electric cun-ent supplier) and the hydro- 
gen gas distributing passage 259a arefomied on a por- 
tion closer to the center of the electrode plate 252 than 
the hydrogen gas take-out conduit 264. FIG. 17 also Il- 
lustrates the porous electric current supplier 265, the 
gasket 256 and the protection sheet 257. In FIG. 1 7, al- 
though the hydrogen gas distributing passage 259a is 
illustrated as an example, the oxygen gas distributing 
passage 258a and the demineralized water distributing- 
passage 260a each have the same structure as that of 
the passage 259a except for their formed positions. 
[0020] In FIG. 15, reference numerals 265 represent 
end plates, which are tightened together via fastening 
bolts (not shown) passing through the peripheral edge 
portions of the electrode plates and the gaskets, so that 
the electrochemical cell 251 is assembled. 
[0021] The porous electric current suppliers 255 are 
made of a material pemneable to gases such as mesh 
and sintered material, allowing fluid to be freely distrib- 
uted passing through the side surfaces of those electric 
current suppliers 255. 

[0022] IVIeanwhile, in the conventional technique, the 
anode chamber, the cathode chamber and the respec- 
tive fluid passages are sealed against the outside by the 
flat plate gaskets 256 which are stacked on flat surfaces 
of the flat electrode plates (see FIG. 15). Accordingly, in 
the conventional technique, the gaskets must possess 
a predetennlned elasticity. 

[0023] On the other hand, during water electrolysis 
operation, protons are transferred in each solid electro- 
lyte membrane, which is accordingly strongly acid. 
Therefore, portions to contact the solid electrolyte mem- 
brane are required to possess acid resisting property. 
[0024] To produce a predetermined elasticity accord- 
ing to the conventional technique, a measure was taken 
along with the use of gaskets made of silicone rubber 
as the gaskets 256, preventing the gaskets from directly 



contacting the solid electrolyte membrane and hence 
preventing oxidation and corrosion of the sillcone-rub- 
ber-made gaskets by placing thin annular protection 
sheets made of PFA (perfluoroalkoxy vinyl ether) or the 
5 like between the solid electrolyte membrane and the 
gaskets. 

[0025] However, even the insertion of the protection 
sheets may cause fluid leakage if the protection sheets 
wrinkled or folded. To avoid this, a conventional meas- 

10 ure necessitates selection and adoption of high-grade 
PFA protection sheets free of wrinkle or fold, and as- 
sembling by careful attention so as to cause no wrinkle 
or fold of the protection sheets. This poses a problem of 
increasing works and costs involved. 

15 [0026] On the other hand, there is another option to 
use thick protection sheets for prevention of fluid leak- 
age therethrough. However, the adoption of the thick 
protection sheets causes stepped portions between the 
solid electrolyte membrane and the porous electric cur- 

20 rent supplier, which may deteriorate the contactability 
therebetween and hence invite lowering of the electrol- 
ysis efficiency. 

[0027] Also, in order to allow the silicon-made-gas- 
kets to fully exhibit their sealing ability, bolts must be 

25 fastened with a predetermined torque in assembling the 
electrochemical cell. However, tightening force In this 
arrangement may cause the gaskets to defomn as out- 
wardly and inwardly protruding. Such defomnation of 
gaskets was likely to invite creep as well as deterioration 

30 of sealing function. 

[0028] Even if fastening was achieved with a proper 
torque in the assembling, there stilt remains a possibility 
that the gaskets protrude to the outside due to pressure 
caused by a generated gas. Therefore, the conventional 

35 electrochemical cell was not suitable for the application 
necessitating the generation of a high pressure gas. 
[0029] Also, the sllicone-made gaskets have much 
larger coefficient of thermal expansion than that of other 
parts. Accordingly, they increase in size during use, In- 

40 viting increase in the fastening force by the bolts and 
hence posing various problems. 
[0030] The second aspect of the present invention 
was conceived in light of the problems involved in the 
above conventional technique. Therefore, it Is an object 

45 of the present invention to provide an electrochemical 
cell that is capable of omitting the use of conventional 
gaskets or protection sheets, thereby achieving im- 
proved seaiability, ease of assembling, reduced number 
of parts, and reduction of thermal expansion due to tem- 

50 perature increase. 

[0031] As described above, as the electrochemical 
cell constituting the hydrogen/oxygen generator of the 
conventional technique, for example, a technique as 
disclosed in, for example, Japanese Patent Application 

55 Laid-open No. Hei-8-239788 is known. 

[0032] The electrochemical cell according to the con- 
ventional technique is comprised of predetermined sets 
of solid electrolyte membrane units that are in parallel 
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array with each other. The solid electrolyte membrane 
units each have electrode plates disposed on the oppo- 
site sides of a solid electrolyte membrane. In each of 
these solid electrolyte membrane units, a space be- 
tween an anode plate and the solid electrolyte mem- 5 
brane forms an anode chamber as an oxygen generat- 
ing chamber and a space between a cathode plate and 
the solid electrolyte membrane forms a cathode cham- 
ber as a hydrogen generating chamber. Each chamber 
accommodates a porous electric current supplier. 
[0033] According to the electrochemical cell made up 
by using a bipolar electrode, applying a DC voltage to 
the outenmost electrode plates of the solid electrolyte 
membrane units in parallel array with each other (I.e., 
the opposite ends of the electrochemical cell ) allows 
these electrode plates to respectively act as monopolar 
electrode plates (anode and cathode), and an electrode 
plate at the midpoint of the electrochemical cell (mid- 
point between the monopolar electrode plates) to act as 
a bipolar electrode plate. Herein, the bipolar electrode 
plate Is meant to be an electrode plate having opposite 
side surfaces respectively acting as anode and cathode. 
According to this arrangement, a space between an an- 
ode side of each electrode plate and each solid electro- 
lyte membrane fomns an anode chamber as an oxygen 
gas generating chamber, while a space between a cath- 
ode side of each electrode plate and each solid electro- 
lyte membrane forms a cathode chamber as a hydrogen 
generating chamber. FIG. 27 illustrates one example of 
the an-angement of the conventional electrochemical 
cell. FIG. 28 illustrates a bipolar electrode plate consti- 
tuting the electrochemical cell as illustrated In FIG. 27. 
[0034] In electrochemical cell 451 as illustrated in 
FIG. 27, bipolar electrode plate 452 is disposed between 
monopolar electrode plates 453a and 453b. Between 
the monopolar electrode plates 453a, 453b and the bi- 
polar electrode plate 452 are disposed solid electrolyte 
membranes 454, porous electric current suppliers 455, 
annular gaskets 456 made of silicone rubber for isolat- 
ing the porous electric current suppliers from the out- 
side, annular protection sheets 457 and the like. Specif- 
ically, the porous electric current suppliers 455 are dis- 
posed between the electrode plates 452, 453a, 453b 
and the solid electrolyte membranes 454, while the an- 
nular gaskets 456 are disposed between the electrode 
plates 452, 453a, 453b and the porous electric cun-ent 
suppliers 455. Also, the annular protection sheets 457 
are disposed between the porous electric cun^ent sup- 
pliers 455 and the solid electrolyte membranes 454. 
[0035] The bipolar electrode plate 452 fomis therein 
oxygen gas take-out conduit 458, oxygen gas distribut- 
ing passage 458a, water drainage conduit 461 for the 
cathode chamber, water drainage passage 461a and 
the like. Although the omission was made in FIG. 27, it 
will become apparent that this bipolar electrode plate 
452 also fomis therein demineralizedwaterfeeding con- 
duit 460, demineralized water distributing passage 
460a, hydrogen gas take-out conduit 459 and hydrogen 



gas distributing passage 459a, once reference is also 
made to FIG. 28. 

[0036] Refening to FIG. 27, on the outer sides of the 
respective monopolar electrode plates 453a, 453b 
(sides opposite to the sides provided with the solid elec- 
trolyte membranes 154 and the like) are respectively 
provided end plates 462, which are fastened and fixed 
together by fastening bolts or the like extending through 
the electrode plates 452, 453a, 453b and the like. That 
is, the electrochemical cell 451 is assembled with the 
respective components fixed in position with predeter- 
mined spacing to each other between the end plates 
462, 462 by using a fastening means such as fastening 
bolts. 

[0037] The aforementioned porous electric current 
suppliers 455 are made of a material penneable to gas- 
es such as mesh and sintered material, allowing fluid to 
be freely distributed also passing through the side sur- 
faces of these electric current suppliers 455. 
[0038] The electrode plates 452, 453a. 453b each 
form therein passages 458a. 459a, 460a, 461a for the 
respective fluids. That is, this arrangement necessitates 
fomriing gasket seats for these passages 458a, 459a, 
460a. 461 a, so thatthe electrode plates 452, 453a, 453b 
are fomned by using a relatively thick titanium plate or 
the like. 

[0039] However, the conventional electrode cell has 
problems as stated below. 

[0040] That is, the annular gaskets constituting the 
aforementioned electrochemical cell act as pressure 
parts for isolating the oxygen generating chamber and 
the hydrogen generating chamber from the outside of 
the electrode cell. However, since the annular gaskets 
themselves are soft, they may be forced out to the out- 
side passing the fastening bolts due to increased inner 
pressure. Therefore, the electrochemical cell according 
to the conventional technique is not suitable for high- 
pressure application. 

[0041] The annular gaskets also have larger coeffi- 
cient of thermal expansion than that of other parts. 
Therefore, there causes large expansion of the annular 
gaskets during use, resulting in increased fastening 
forces by the fastening bolts, and hence likely causing 
various problems on the electrochemical cell. For exam- 
ple, fatigue breakdown or the like may occur on constit- 
uent elements of the electrochemical cell. 
[0042] The electrode plates and other components of 
the conventional electrode cell are usually exposed to 
ambient air. Therefore, the electrochemical cell of the 
conventional technique had a problem of poor weather 
resistance. 

[0043] The third aspect of the present invention was 
conceived in light of the problems involved in the above 
conventional technique. It is an object of the present in- 
vention to provide an electrochemical cell that has made 
pressure resistance high enough to withstand the high 
pressure, and is so arranged as to maintain a high seal- 
ability between the adjacent components. It is another 
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object of the present invention to provide an electro- 
chemical cell that has improved weather resistance and 
therefore can be used for a long period of time. 
[0044] The electrochemical celt according to the con- 
ventional technique also has problems as stated below, 
[0045] That is, in the electrochemical cell so arranged 
as described above, the bolts as fastening means must 
be sufficiently tightened for assembling so as to exhibit 
a proper sealing ability of the annular gaskets. On the 
other hand, care also has to be taken so as not to fasten 
the bolts with excessive fastening force and hence pro- 
trude the annular gaskets outwardly and inwardly. Also, 
the operation of the device is accompanied by temper- 
ature Increase, which causes creep of the annular gas- 
kets and hence lowered sealing effect. Accordingly, ad- 
ditional fastening operation will be needed. However, 
creep is caused every time the fastening operation Is 
done, and therefore there poses a problem that a seal- 
ing surface pressure is hardly maintained at a constant 
level during the assembling of the electrochemrcal cell. 
[0046] In order to improve the electrolysis efficiency, 
the electrode plates must maintain proper contacting re- 
lationship with the adjacent porous electric current sup- 
pliers, as well as unifonn contacting relationship with the 
solid electrolyte membranes. These components must 
be disposed with predetermined spacing from each oth- 
er so as to have a proper contacting relationship with 
each other. IHowever, the operation causes thermal ex- 
pansion and thermal contraction of the electrochemical 
cell. As a result, it is hard to properiy maintain a prede- 
tennlned distance between the adjacent components 
for a long period of time. 

[0047] As described above, it is hard to keep asealing 
surface pressure and distance between the adjacent 
components constant. Partrcularly, such as uneven sur- 
face pressure causes a problem to deteriorate the elec- 
trolysis efficiency. 

[0048] The fourth aspect of the present invention was 
conceived to address the problems involved in the 
above conventional technique. It is an object of the 
present invention to provide an electrochemical cell that 
is so arranged as to have the respective components of 
the electrode plate unit and the electrochemical cell sub- 
stantially equally disposed or contacting surface pres- 
sure substantially evenly applied on the whole surfaces 
thereof, thereby achieving even spacing between the 
components and even sealing surface pressure, and 
hence preventing deterioration of the electrolysis effi- 
ciency. 

SUMMARY OF THE INVENTION 

[0049] According to a first aspect of the present inven- 
tion, there is provided an electrode plate, which is 
fomned from a metal plate and which includes a fiat plate 
portion, and a peripheral edge portion positioned on the 
outer side of the flat plate portion and bent so that re- 
cesses and protrusions are alternately arrayed along an 



outer peripheral edge thereof. 
[0050] Accordingly, the electrochemical cell, in which 
several electrode plates are stacked to each other with 
the protrusions of each electrode plate abutting against 

5 the recesses of another electrode plate adjacent to the 
one electrode plate, fomis a rigid peripheral side wall 
through the abutting engagement between the recesses 
and the protrusions, and hence improves the pressure 
strength in spite of the use of the electrode plates f onned 

10 from the metal plate. In addition, the respective elec- 
trode plates of this electrochemical cell can compensate 
increased surface pressure due to thennal expansion, 
since the electrode plates constituting the electrochem- 
ical cell have an effective elasticity. 

15 [0051 ] In comparison with an electrochemical cell with 
thin metal plates stacked to each other, it is unlikely to 
cause a problem such as voltage loss on contacting por- 
tions of the adjacent electrode plates, so that a deterio- 
ration of the energy efficiency in a water electrolysis de- 

20 vice using the electrode plates of the present invention 
can be prevented. 

[0052] The metal plate preferably has such a thick- 
ness as to be capable of being press-fonmed. Whereby, 
the electrode plate can easily be formed at low cost by 

25 press-fomiing. 

[0053] A groove for receiving a sealing member is 
preferably fonned between the flat plate portion and the 
peripheral edge portion of the electrode plate along the 
peripheral edge portion by bending (e.g., pressing). 

30 With this arrangement, the sealing member fitted in the 
groove is unlikely to be tightened with a force largerthan 
needed and deformed to an unreasonable shape. As a 
result, it is possible to effectively prevent creep of the 
sealing member, and hence maintain a high sealing ef- 

35 feet. 

[0054] The flat plate portion is preferably positioned 
substantially along the center of the width of the elec- 
trode plate defined by bottoms of the recesses and tops 
of the protrusions of the electrode plate. With this ar- 
40 rangement, when the water electrolysis device is as- 
sembled so as to forni spaces for oxygen generation 
and hydrogen generation on the opposite sides of the 
flat plate portion, it is easy to dispose necessary parts 
such as electric current suppliers in the oxygen and hy- 
drogen generation spaces. In addition, these parts are 
prevented from being compressed to a size smaller than 
needed. 

[0055] According to the first aspect of the present in- 
vention, there is also provided an electrode plate unit, 

so which includes an electrode plate that is fonned from a 
metal plate and including a flat plate portion, a peripheral 
edge portion positioned on the outer side of the flat plate 
portion and bent so that recesses and protrusions are 
alternately arrayed along an outer peripheral edge of the 

55 electrode plate, a groove formed by bending (e.g., 
pressing) between the flat plate portion and the periph- 
eral edge portion from even to uneven In such a manner 
as to extend along the peripheral edge portion, a sealing 
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member mounted in the groove of the electrode plate, 
an anode-side electric cun^ent supplier and a cathode- 
side electric current supplier respectively disposed on 
opposite side surfaces of the fiat plate portion of the 
electrode plate, and anode-side spacers and cathode- 5 
side spacers, the fonmer disposed with the anode-side 
electric current supplier positioned therebetween and 
the latter disposed with the cathode-side electric cun^ent 
supplier positioned therebetween as viewed in a plane 
view. The electrode plate and both the spacers respec- 
tively form holes respectively fomiing an oxygen gas 
passage, a hydrogen gas passage and an eiectroiyzed 
water passage. The anode-side spacer has opposite 
side surfaces on which sealing grooves are respectively 
formed surrounding one of the holes, which fomis the 
hydrogen gas passage. The cathode-side spacer has 
opposite side surfaces on which sealing grooves are re- 
spectively fonried sun'ounding those of the holes, which 
respectively form the oxygen gas passage and the eiec- 
troiyzed water passage. 

[0056] Accordingly, the electrochemical cell, which 
has plural electrode plates stacked to each other with 
the protrusions of one electrode plate abutting against 
the recesses of another electrode plate adjacent to the 
one electrode ptate, has a rigid peripheral side wall 
through the abutting engagement between the recesses 
and the protrusions, and hence Improves the pressure 
resisting property in spite of the use of the electrode 
plates fomied from the metal plate. In addition, this elec- 
trochemical cell can compensate increase in surface 
pressure for the fastening due to thennal expansion. 
The sealing member fitted in the groove is unlikely to be 
tightened with a force larger than needed and to be de- 
formed to an unreasonable shape. Accordingly, it is pos- 
sible to effectively prevent creep of the sealing member, 
and hence maintain a high sealing effect. Since the re- 
spective constituent parts can easily be positioned, an 
assembling efficiency can be improved. 
[0057] The metal plate preferably has such a thick- 
ness as to be capable of being press-fonned. Whereby, 
the electrode plate can easily be formed at low cost by 
press-forming. 

[0058] The anode-side spacer has a side surface con- 
tacting the flat plate portion of the electrode plate, pref- 
erably fomiing thereon an oxygen gas groove for con- 
nection between the hole fomiing the oxygen gas pas- 
sage and the anode-side electric current supplier, and 
an eiectroiyzed water groove for connection between 
the hole forming the eiectroiyzed water passage and the 
anode-side electric current supplier. The cathode-side 
spacer has a side surface contacting the flat plate por- 
tion of the electrode plate, preferably forming thereon a 
hydrogen gas groove for connection between the hole 
forming the hydrogen gas passage and the cathode- 
side electric current supplier. 

[0059] With the electrode plate unit having the above 
arrangement, it is possible to effectively prevent leakage 
of gas or water, with the result that high-purity hydrogen 



gas and oxygen can be produced. 
[0060] According to the first aspect of the present in- 
vention, there is also provided an electrochemical cell 
that includes a plurality of the electrode plate units and 
solid electrolyte membranes interposed between adja- 
cent electrode plate units, in which the plurality of the 
electrode plate units are disposed in a stacking direc- 
tion, and an electrode plate of one of the adjacent elec- 
trode plate units has recesses and protrusions respec- 
tively facing recesses and protrusions of the opposite 
one of the adjacent electrode plate units. 
[0061] It is also possible to produce the aforemen- 
tioned functions and effects by the above electrochem- 
ical ceil. 

[0062] According to the first aspect of the present in- 
vention, there is also provided an electrochemical cell 
that includes a solid electrolyte membrane and elec- 
trode plates aligned in a stacked arrangement with the 
solid electrolyte membrane between the electrode 
plates, and electric current suppliers disposed between 
the solid electrolyte membrane and the electrode plates, 
in which the electrochemical cell has a side portion hav- 
ing a honeycomb structure fonmed by peripheral edge 
portions of the electrode plates. 
[0063] In the electrochemical cell having the above ar- 
rangement, while using the electrode plates having 
elasticity, it is possible to improve the pressure resisting 
property of the electrochemical cell itself. Therefore, it 
is possible to effectively compensate increase in surface 
pressure for the fastening due to themnal expansion, 
while maintaining a sufficient pressure strength. 
[0064] According to a second aspect of the present 
invention, there Is provided a solid electrolyte mem- 
brane unit that includes a solid electrolyte membrane, a 
pair of electrode plates respectively disposed on the op- 
posite sides of the solid electrolyte membrane, porous 
electric current suppliers respectively disposed be- 
tween each of the pair of electrode plates and the solid 
electrolyte membrane, an anode-side annular member 
and a cathode-side annular member respectively fomi- 
ing therein center holes for receiving the porous electric 
cun'ent suppliers and defining an anode chamber and a 
cathode chamber on the opposite sides of the solid elec- 
trolyte membrane, and seal rings for isolating the anode 
chamber and the cathode chamber from the outside. At 
least portions of the anode-side annular member and 
the cathode-side annular member contacting the solid 
electrolyte membrane possess acid resisting property. 
The seal rings are disposed in seal ring grooves fomried 
on side surfaces of the anode-side annular member and 
the cathode-side annular member. 
[0065] In the unit having the above arrangement, the 
following effects are produced, as compared with a con- 
ventional unit, in which sealing was achieved by a flat 
plate-shaped silicone gasket. That is, since the seal 
rings are disposed within the grooves fomfied on the an- 
nular members, the seal rings can easily be placed in 
position, thereby contributing to improved assembling 
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efficiency of the electrochemical cell by connecting the 
units together Since the seal rings are acconnmodated 
within the grooves, the seal rings are unlll<ely to protrude 
to the outside when they are fastened for assembling 
the electrochemtcai cell. Accordingly, it is possible to ef- 
fectively prevent the creep of the seal rings, while pro- 
ducing a proper sealing effect. This enables the electro- 
chemical cell to be efficiently operated under high-pres- 
sure, in which high-pressure hydrogen gas or oxygen 
gas is generated. 

[0066] Since a conventional flat plate-shaped silicone 
rubber gasket with a remarkably large coefficient of ther- 
mal expansion is not used, it is possible to effectively 
avert a problem dueto thethennal expansion during op- 
eration, while omitting the necessity of using protection 
sheets made of PFA, which were conventionally re- 
quired. As a result, the cost can be reduced by efficient 
assembly and a reduced number of parts. 
[0067] Aiso, the seal rings used instead of flat plate- 
shaped gaskets omit the necessity of the application of 
a great fastening torque required for clamping the en- 
tirety of the gaskets of a flat plate shape at the time of 
assembling the electrochemical cell. As a result, assem- 
bling efficiency is improved. 

[0068] Preferably, the solid electrolyte membrane, the 
electrode plates and the annular members respectively 
have peripheral edge portions positioned radially out- 
ward than the porous electric cun-ent suppliers, which 
peripheral edge portions respectively forming therein 
first to third openings forming fluid conduits for feeding 
demineralized water, taking out oxygen gas and taking 
out hydrogen gas. The anode-side annular member 
forms therein first and second fluid passages respec- 
tively for connection between the first opening and the 
anode chamber and between the second opening and 
the anode chamber. The cathode-side annular member 
forms therein a third fluid passage for connection be- 
tween the third opening and the cathode chamber. 
[0069] With the above arrangement, the necessity to 
work an electrode plate with a high precision, which was 
required for a conventional electrode plate with fluid 
passages fomned therein, can be omitted. As a result, 
the manufacturing cost can be reduced. 
[0070] Preferably, the first and second fluid passages 
are fomied on one side surface of the anode-side annu- 
lar member, and the third fluid passage is fomied on one 
side surface of the cathode-side annular member. 
Whereby, the annular members can have a simplified 
structure. 

[0071] Preferably, the sealing grooves of the anode- 
side annuiar member are formed on opposite side sur- 
faces of the anode-side annular member so as to pass 
on the radially outer side of the first and second open- 
ings, and on the radially inner side of the third opening. 
The anode-side annuiar member fomns on opposite side 
surfaces thereof sealing grooves of smaller diameter, 
surrounding the third opening, and seal rings of smaller 
diameter are respectively fitted in the sealing grooves 



of smaller diameter. The sealing grooves of the cathode- 
side annular member are fenced on opposite side sur- 
faces of the cathode-side annuiar member so as to pass 
on the radially inner side of the first and second open- 
5 ings, and on the radially outer side of the third opening. 
The cathode-side annular member forms on opposite 
side surfaces thereof sealing grooves of smaller diam- 
eter, respectively independently sun^oundlng the first 
and second openings, and seal rings of smaller diame- 
10 ter are respectively fitted in the sealing grooves of small- 
er diameter. At least some of the seal rings fitted in the 
sealing grooves of the anode-side annular member and 
the cathode-side annular member contacting the solid 
electrolyte membrane possess acid resisting property. 
15 [0072] In a different embodiment, the seating grooves 
of the annular members are formed on opposite side 
surfaces of each of the annular members so as to pass 
on the radially outer side of the first to third openings. 
The anode-side annular member fonns on opposite side 
surfaces thereof sealing grooves of smaller diameter, 
sun-ounding the third opening, and seal rings of smaller 
diameter are respectively fitted in the sealing grooves 
of smaller diameter. The cathode-side annular member 
fomns on opposite side surfaces thereof sealing grooves 
of smaller diameter, respectively Independently sur- 
rounding the first and second openings, and seal rings 
of smaller diameter are respectively fitted in the sealing 
grooves of smaller diameter. At least some of the seal 
rings fitted In the sealing grooves of the anode-side an- 
nuiar member and the cathode-side annular member 
contacting the solid electrolyte membrane possess acid 
resisting property. 

[0073] Preferably, the porous electric current suppli- 
ers respectively have porous bodies and reinforcing 
rings radially outwardly extending from the bodies. At 
least portions of the porous bodies and the reinforcing 
rings contacting the solid electrolyte membrane pos- 
sess acid resisting property. 

[0074] More preferably, the center hole of the anode- 
side annuiar member has a rectangular shape with a 
substantially equal width throughout the length from the 
first opening to the second opening, and one of the po- 
rous electric current suppliers received within the center 
hole of the anode-side annular member has substantial- 
ly the same shape as that of the center hole. 
[0075] With the above arrangement, a substantially 
uniform flow rate of demineralized water flowing in the 
cathode chamber can be achieved throughout the entire 
regions of the electric current suppliers, and efficiency 
in generation of oxygen gas and hydrogen gas can be 
improved. Further, through forming those into a rectan- 
gular shape, material loss can be prevented, thereby im- 
proving a yield ratio in manufacturing. 
[0076] According to a third aspect of the present in- 
vention, there is provided an electrochemical cell that 
includes a solid electrolyte membrane, electrode plates 
disposed on the opposite sides of the solid electrolyte 
membrane, electric current suppliers interposed be- 
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tween the solid electrofyte membrane and the electrode 
plates, and shims disposed between the electrode 
plates so as to adjust contacting relationships between 
the solid electrolyte membrane and the electric cun^ent 
suppliers. 

[0077] "Shim" herein referred is a thin plate (e.g., a 
plate of such as copper, steel, plastic, rubber or synthet- 
ic resin) placed (or Interposed) for adjustment of a height 
or clearance. According to the electrochemical cell hav- 
ing this arrangement, the contacting relationship be- 
tween the solid electrolyte membrane and the electric 
cun^ent suppliers (that is, a distance between the solid 
electrolyte membrane and each of the electric cunrent 
suppliers) is regulated by the shims provided between 
the electrode plates. Accordingty, even if bolts as fas- 
tening means are sufficiently tightened for assembling 
the electrochemical cell, the distances between the re- 
spective elements are regulated by the shims. As a re- 
sult, the sealing members such as gaslcets are unlikely 
to be excessively defonned, and hence creep of the gas- 
kets or the like is unlikely to occur to such an extent as 
does in the conventional an^angement. Therefore, it is 
possible to effectively alleviate llkeliness of leakage or 
the like, and maintain a constant sealing surface pres- 
sure. That is, the gaskets or the like as elastic members 
are provided within the electrode plates for the preven- 
tion of fluid leakage or the like, and these gaskets or the 
like have non-unifomn compression rate. Accordingly, it 
tends to have non-uniform clearances between the ad- 
jacent electrode plates in each stage. However, the 
shims provided In the respective stages can easily main- 
tain unifomi clearances thanks to a predetermined rigid- 
ity of the shims. 

[0078] The shims each are preferably fomned into an 
edgeless-shape so as to extend throughout the entire 
peripheral edge portion of each of the electrode plates. 
The edgeless-shape refenred herein is a continuous ring 
shape without an end, and such a shape is not neces- 
sarily limited to a circle or angled shape. Any shape may 
be employed, provided that it can be installed at a proper 
position on the peripheral edge portion of each electrode 
plate. 

[0079] According to the above preferred arrange- 
ment, the edgelessly shaped shims having a predeter- 
mined thickness are interposed in the clearances (pe- 
ripheral edge portions) along the entire peripheries of 
the multi-stacked electrode plates. Whereby, unifomial- 
izing of the clearances between the electrode plates can 
be more facilitated. Also, a predetermined surface pres- 
sure for the fastening can be applied to the solid elec- 
trolyte membrane, the electric current suppliers and the 
like, thereby achieving an entirely uniformalized surface 
pressure. 

[0080] The shims constituting the electrochemical cell 
according to the third aspect of the present invention are 
not limited to the aforementioned shape (edgeless 
shape). For example, it is possible to employ linear 
shims. In assembling the electrochemical cell, the shims 



may be disposed on opposite sides of each electrode 
plate along the peripheral edge portion. 
[0081 ] The solid electrolyte membrane, the electrode 
plates, the electric current suppliers and the shims are 
preferably stacked to each other between two end 
plates. The end plates are fastened to each other by us- 
ing bolts and nuts adapted to the bolts, and buffer mem- 
bers exerting biasing forces are provided between the 
nuts and the end plates. 

[0082] With the above an-angement, the buffer mem- 
bers provided on the bolts impart biasing forces to the 
bolts and the nuts, so that an originally applied surface 
pressure for the fastening and the like can effectively be 
maintained even if the electrochemical cell Is used for a 
long period of time. 

[0083] As each of the buffer members, which consti- 
tute the electrochemical cell of the present invention, at 
least one of a coned disc spring and a coil spring Is used. 
[0084] According to the third aspect of the present in- 
vention, there Is also provided a method of assembling 
the electrochemical ceil that includes stacking a solid 
electrolyte membrane, electrode plates, electric current 
suppliers and shims to each other between two end 
plates, and fastening between the two end plates by 
bolts while applying a uniform pressing force on the two 
end plates by a pressing machine. 
[0085] According to the method of assembling the 
electrochemical cell, the use of the pressing machine 
for assembling the electrochemical cell achieves ease 
of the application of a predetemined fastening pressure 
on the surfaces of the electric current suppliers, the solid 
electrolyte membrane and the like, as well as enabling 
the pressure to act on the whole surface of each ele- 
ment. Whereby, it is possible to easily achieve the uni- 
formizing of the fastening force on the whole surfaces 
of the respective elements. 

[0086] Nuts adapted to the bolts and buffer members 
having biasing force disposed between the nuts and the 
end plates are preferably used for the fastening of the 
bolts. 

[0087] The electrochemical cell manuf actu red by this 
preferred method can maintain an originally applied fas- 
tening force on the surfaces through the biasing force 
imparted to the bolts and the nuts by the buffer members 
provided on the bolts, even if the electrochemical cell is 
used for a long period of time. 
[0088] According to a fourth aspect of the present in- 
vention, there is provided an electrochemical cell that 
includes a solid electrolyte membrane, electrode plates 
disposed on the opposite sides of the solid electrolyte 
membrane, and electric current suppliers interposed be- 
tween the solid electrolyte membrane and the electrode 
plates. The electrode plates respectively fonm on por- 
tions in the proximity of the peripheral edge portions 
thereof recessed grooves in which sealing members are 
disposed, and the sealing members disposed in the 
grooves are shaped to have predetennined portions 
adapted to protrude from the grooves towards the inner 
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side and outer side of the electrochemical cell when the 
electrode plates are stacked to each other via the seal- 
ing members. 

[0089] With the above arrangement, since the sealing 
members are shaped to have predetermined portions s 
adapted to protrude towards the inner side and outer 
side of the electrochemical cell for arranging the elec- 
trochemical cell, the electrochemical ceil can withstand 
a high pressure caused within the electrochemical cell 
during the operation or the lil<e thanks to the self-fasten- io 
ing action by the protrusions, and prevent leakage of hy- 
drogen, oxygen and demlneralized water. Thus, accord- 
ing to the present Invention, it is possible to manufacture 
the electrochemical cell so arranged as to maintain a 
high sealing property between the respective elements, 
while improving the pressure strength. 
[0090] The sealing members are preferably fomned so 
as to have shoulder portions adapted to protrude to- 
wards the inner side and outer side of the electrochem- 
ical cell, when the sealing members have been fitted into 20 
the grooves. Specifically, the sealing members each 
preferably have a diamond shape or reversed trapezoi- 
dal shape in cross section. 

[0091] According to the fourth aspect of the present 
invention, there is also provided an electrochemical cell 
that includes a solid electrolyte membrane, electrode 
plates disposed on the opposite sides of the solid elec- 
trolyte membrane, and electric current suppliers inter- 
posed between the solid electrolyte membrane and the 
electrode plates. The electrode plates respectively have 30 
outer peripheries secured to each other with a resin ma- 
terial. 

[0092] With the above arrangement, the whole outer 
peripheries secured to each other with the resin material 
can prevent leakage of hydrogen, oxygen and deminer- 35 
alized water to the outside of the electrochemical cell. 

Also, the electrode plates are prevented from being di- 
rectly exposed to ambient air. As a result, it is possible 
to improve weather resistance of the electrochemical 
cell and hence long lifetime of the electrochemical cell, 
Also, even if the themnal expansion or the like is caused 
to the electrochemical cell during the use, the resin ma- 
terial exerts a resisting force against the change of the 
thermal expansion or the like of the constituent elements 
since they are secured to each other with the resin ma- ^5 
terial. Thus, according to the electrochemical cell of the 
present invention, it is possible to effectively prevent fa- 
tigue failure or the like in the respective elements con- 
stituting the electrochemical cell, 

[0093] The resin material is preferably at least one se- so 
lectedfrom epoxy resin, polyester resin and silicone res- 
in. 

[0094] More preferably, shims are provided between 
the electrode plates so as to adjust contact situations 
between the solid electrolyte membrane and the electric 55 
current suppliers. 

[0095] "Shim" herein referred is a thin plate (e.g., a 
plate of such as copper, steel, plastic, rubber or synthet- 



ic resin) placed (or interposed) for adjustment of a height 
or clearance. 

[0096] With this preferred arrangement, it is possible 
to adjust the contacting relationships between the solid 
electrolyte membrane and the electric current suppliers, 
while achieving a pressure-resisting structure as de- 
scribed above. As a result, it is possible to achieve im- 
proved electrolysis efficiency, long lifetime and the like. 
[0097] The shims each are preferably fomned into an 
edgeless-shape so as to extend throughout the whole 
peripheral edge portion of each of the electrode plates. 
The edgeless-shape referred herein is a continuous ring 
shape without an end, and such a shape is not neces- 
sarily limited to a circle or angled shape. Any shape may 
be employed, provided that it can be installed at a proper 
position on the peripheral edge portion of each electrode 
plate. 

[0098] Preferably, the solid electrolyte membrane, the 
electrode plates, the electric current suppliers and the 
shims are stacked to each other between two plates. 
The end plates are fastened to each other by using bolts 
and nuts adapted to the bolts, while buffer members 
having biasing forces are provided between the nuts 
and the end plates. 

[0099] With this preferred arrangement, it Is possible 
to effectively maintain a contacting surface pressure for 
the fastening originally applied for the electrochemical 
cell by means of the buffer members, as well as produc- 
ing various effects. 

[0100] More preferably, the buffer members each 
comprise at least one of a coned disc spring and a coil 
spring. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0101] 

FIG. 1(a) is a plane view illustrating one embodi- 
ment of an electrochemical cell according to a first 
aspect of the present invention. FIG. 1(b) is a side 
view with a partial cross section as viewed from line 
I-l in FIG. 1 (a), illustrating a part of FIG. 1 (a) in sec- 
tion. 

FIG. 2 is a cross section of an essential portion in 
a view taken along line 11-11 in FIG. 1(a). 
FIG. 3 is a cross section of an essential portion in 
a view taken along line Ill-Ill in FIG. 1(a). 
FIG. 4(a) Is a plane view illustrating one embodi- 
ment of the electrode plate according to the first as- 
pect of the present invention. FIGS. 4(b) and 4(c) 
are cross sections respectively taken along lines IV 
(B)-IV(B) and IV(C)-IV(C) in FIG. 4(a). 
FIG. 5 is a perspective view of one embodiment of 
an electrode plate unit prior to the assembling there- 
of according to the first aspect of the present inven- 
tion. 

FIG. 6 is a cross section of one embodiment of a 
conventional electrochemical cell prior to the as- 
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sembling thereof. 

FIG. 7 is a perspective view illustrating one embod- 
iment of a bipolar electrode plate positioned at the 
intermediate portion of the conventional electro- 
chemical cell. 

FIG. 8 is a perspective view illustrating an essential 
portion of one embodiment of the electrochemical 
cell according to a second aspect of the present In- 
vention. 

FIG. 9 is a cross section taken along line IX-IX in 
FIG. 8, Illustrating the electrochemical cell of FIG. 
8 prior to the assembling thereof. 
FIG. 10 is a perspective view illustrating an elec- 
trode plate, a porous electric current supplier and 
one annular member In the electrochemical cell of 
FIG. 8. 

FIG. 11 is a perspective view illustrating an elec- 
trode plate, a porous electric current supplier and 
another annular member in the electrochemical cell 
of FIG. 8. 

FIG. 1 2 is a cross section taken along line Xlt-XII In 
FIG. 10. 

FIG. 13 Is a perspective view illustrating an essen- 
tial portion of another embodiment of the electro- 
chemical cell prior to the assembling thereof ac- 
cording to the second aspect of the present inven- 
tion. 

FIG. 14 is a cross section taken along line XIV-XIV 
in FIG. 13, illustrating an essential portion of the 
electrochemical cell of FIG. 13 prior to the assem- 
bling thereof. 

FIG. 15 is a cross section illustrating one embodi- 
ment of the conventional electrochemical cell prior 
to the assembling thereof. 
FIG. 16 is a perspective view illustrating one em- 
bodiment of a bipolar electrode plate at the interme- 
diate point of the conventional electrochemical cell. 
FIG. 1 7(a) is across section illustrating an essential 
portion of the conventional electrode plate of FIG. 
16. FIG. 17(b) is a view as viewed from line 
XVII-XVIlin FIG. 17(a). 

FIG. 1 8(a) is a schematic view of one embodiment 
of the electrochemical cell according to third and 
fourth aspects of the present invention. FIG. 1B(b) 
is a partial cross section taken along line XVIII-XVIII 
in FIG. 18(a). 

FIG. 1 9 is a cross section illustrating an essential 
portion of the cross-sectional view taken along line 

XIX- XIX in FIG. 18(a). 

FIG. 20 is a cross section illustrating an essential 
portion of the cross-sectional view taken along line 

XX- XX in FIG. 18(a). 

FIG. 21 is a disassembled perspective view of an 
electrode plate unit constituting one embodiment of 
the electrochemical cell according to third and 
fourth aspects of the present invention. 
FIG. 22 is an enlarged cross section of a sealing 
member constituting one embodiment of the elec- 
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trochemicai cell according to the third and fourth as- 
pects of the present invention. 
FIGS. 23 are schematic views of another spacer 
constituting one embodiment of the electrochemical 
cell according to the third and fourth aspects of the 
present invention. 

FIGS. 24 are respectively schematic views of an 
electrode plate constituting another embodiment of 
the electrochemical cell according to the third and 
fourth aspects of the present invention. 
FIG. 25 is a schematic view of the electrochemical 
cell equipped with the electrode plate of FIG. 24 ac- 
cording to another embodiment. 
FIGS. 26(a) and 26(b) are schemata views of the 
electrochemical cell with a front side of the outer pe- 
riphery of the electrode plate secured in position 
with a resin. 

FIG. 27 Is a disassembled cross section of the elec- 
trochemical celt according to the conventional tech- 
nique. 

FIG. 28 is a perspective view illustrating one exam- 
ple of the bipolar electrode plate positioned at the 
intemriediate portion of the conventional electro- 
chemical cell. 

DETAILED DESCRIPTION OF THE PREFERRED 
EiVIBODIMENTS 

Embodiment 1 



[0102] Preferred embodiments of the first aspect of 
present invention will be described with reference to the 
drawings. 

[0103] FIG. 1(a) is a plane view illustrating one em- 

35 bodiment of the electrochemical cell according to the 
first aspect of the present invention. FIG. 1 (b) is a side 
view with a partial cross section as viewed from line l-l 
in FIG. 1 (a), illustrating a part (a honeycomb-like periph- 
eral wall portion) of FIG. 1(a). FIG. 2 is a cross section 

40 of an essential portion in a cross-sectional view taken 
along line 11-11 in FIG. 1(a). FIG. 3 is a cross section il- 
lustrating an essential portion in a cross-sectional view 
taken along line Ill-Ill In FIG. 1(a). FIG. 4(a) is a plane 
view illustrating one embodiment of the electrode plate 

45 according to the first aspect of the present invention. 
FIGS. 4(b) and 4(c) are cross sections respectively tak- 
en along lines IV(B)-IV(B) and IV(C)-IV(C) in FIG. 4(a). 
FIG. 5 is a perspective view of one embodiment of the 
electrode plate unit prior to the assembling thereof ac- 

50 cording to the first aspect of the present invention. 
[0104] As illustrated in FIGS. 1 -3, electrochemical cell 
101 of this embodiment has a stacked structure made 
up by a predetennined number of solid electrolyte mem- 
branes 1 02 and electrode plate units 103 that are alter- 

55 nately positioned with each of the solid electrolyte mem- 
branes positioned between adjacent electrode plate 
units 1 03 on the opposite sides of each membrane. The 
electrochemical cell 101 also includes a pair of end 
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plates 1 22 disposed on the opposite ends of the staclced 
structure made up of the solid electrolyte membranes 
102 and the electrode plate units 103, so that the elec- 
trochemical cell 1 01 Is assembled by fastening the pair 
of end plates 122 by means of fastening bolts 123. s 
[0105] The electrode plate units 103 each include 
electrode plate 1 04 made of an electric conductive ma- 
terial, porous electric current suppliers 1 05 disposed on 
the opposite sides of the electrode plate 104, spacers 
106 and sealing member 107. Reference numerals 113 
and 1 1 4 respectively represent oxygen flowing passage 
and hydrogen flowing passage for taking out the gener- 
ated oxygen gas and hydrogen gas therethrough, as lat- 
er described. Reference numeral 115 represents dem- 
ineralized water flowing passage for feeding demtneral- 
ized water for electrolytic process. 
[0106] The electrode plate 104 is illustrated in FIGS. 
4 in more detail. The electrode plate 104 has such a 
thiclcness as to be capable of being press-fomned. It 
preferably has a thickness of 0.3mm-0.8mm, and more 
preferably 0.5mm-0.6mm. Preferably, the electrode 
plate 104 is formed by pressing a titanium plate. 
[0107] The electrode plate 104 has peripheral edge 
portion 108 with alternately arrayed recesses 109 and 
protrusions 110. Both the recesses 109 and the protru- 
sions 110 each have a shape cut along the center line 
connected between the opposite corners of an equilat- 
eral hexagon in the front view (kind of trapezoid) (see 
also FIG. 4(c)). Although such a trapezoidal shape is 
desirable in light of the fonmabiiity, they are not limited 
to such a shape. For example, wave shape with semi- 
circular recesses and protrusions alternatively an-ayed, 
or other shapes different from the above such as a trap- 
ezoidal or rectangular shape can be employed. 
[0108] As illustrated in FIG. 1 (b), the electrochemical 
ceil 101 is assembled in such a manner as to have the 
protrusions 110 of one electrode plate 104 abutting re- 
cesses 1 09' of adjacent electrode plate 1 04', and define 
clearances between the recesses 110 of the one elec- 
trode plate 104 and protrusions 110' of the adjacent 
electrode plate 104'. That is, the electrochemical cell 
1 01 is assembled with a side portion having a honey- 
comb structure (hexagonal honeycomb structure in this 
embodiment) fonned by the peripheral edge portions of 
the plural electrode plates. Whereby, it Is possible to 
maintain or improve the pressure resisting property of 
the electrochemical cell, while using an electrode plate 
thinner than a conventional electrode plate. This elec- 
trode plate 104 can achieve equalization of a sealing 
surface pressure of the electrochemical cell because it 
has elasticity along the stacking direction of the electro- 
chemical cell 101. 

[0109] Preferably, the electrode plate 104 is formed 
in such a manner as to have the recesses 1 09 and the 
protrusions 110 arrayed along one side of the electrode 
plate 104 displaced by half pitch from those of the op- 
posite side, as Illustrated in FIG. 4(a). With this arrange- 
ment, the aforesaid honeycomb structure can be ob- 



tained by using a single type of the electrode plates 1 04 
that are turned by 1 80 degrees and overlapped to each 
other. Therefore, the electrode plates 104 can be uni- 
fomnalized, thereby achieving a lowered manufacturing 
cost and ease of inventory management 
[01 1 0] The recesses 1 09 and the protrusions 1 1 0 are 
formed within a predetennined dimensional range of be- 
tween the outer peripheral edge and an inward portion 
of each electrode plate 1 04. The electrode plate 1 04 al- 
so fonns groove 1 1 1 on the inner side of the array of the 
recesses 109 and the protnjsions 110 (peripheral edge 
portion 8) for the sealing member 107 extending along 
the peripheral edge. On the outer and inner sides of the 
groove 111 are fonned outer raised line 112a and Inner 
raised line 112b by bending. The groove 111 and raised 
lines 112a, 112b are press-fonned in the same manner 
as the recesses 109 and the protrusions 110. 
[0111] On the inner side than the inner raised line 
112b is fonned a flat plate portion 104a. The flat plate 
portion 1 04a is positioned substantially at the center be- 
tween the bottoms of the recesses 109 and the tops of 
the protrusions 1 1 0 in the thickness direction of the elec- 
trode plate 104 (see FIG. 4(b)). With this arrangement, 
the flat plate portion 1 04a has a first side defining tray- 
like space S surrounded by the inner raised line 112b 
and a second side defining another tray-like space S 
sun-ounded by the groove 111 (see FIG. 4(b)). That is, 
among the respective constituent parts of the electrode 
plate 1 04, the protrusions 1 1 0, the outer raised line 1 1 2a 
and the inner raised line 112b have tops positioned at 
the same height with respect to the width direction of the 
electrode plate. The flat plate portion 1 04a is positioned 
away from these portions by about a half distance of the 
width of the electrode plate. The recesses 1 09 and the 
grooves 1 1 1 have bottoms positioned away from the flat 
plate portion 104a by about a half distance of the width 
of the electrode plate. Portions In gray in FIG. 4(a) rep- 
resent the uppermost surfaces of the electrode plate 
104 ( tops of the protrusions 110 and tops of the raised 
lines 112a, 112b). 

[0112] Among those electrode plates 104, portions 

contacting and likely to contact adjacent electrode 
plates 104' are coated for electrical Insulation. In this 
embodiment, the bottoms of the recesses 109, tops of 
the protrusions 1 1 0, the top of the outer raised line 1 1 2a 
and the bottom of the groove 1 1 1 for the sealing member 
are coated with Teflon (polytetrafluoroethylene). 
[01 13] As Illustrated in FIGS. 2, 3 and 5, in the spaces 
S on the opposite sides of the electrode plate 1 04 are 
respectively disposed the porous electric current suppli- 
er 1 05 and a pair of spacers 1 06. The pair of the spacers 
106 are disposed with the electric current supplier 105 
therebetween as viewed In plane. Due to the presence 
of the inner raised line 112b, lower spacers 106c, 106d 
are sized to be larger than upper spacers 1 06a, 1 06b. 
Annular spacer 106e is fitted Into a dead space defined 
on the rear side (lower side) of the inner raised line 112b. 
[0114] At corresponding places of the spacers 106 
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and the electrode plates 104 are formed holes respec- 
tively forming fluid flowing passages 113, 114, 115. 116. 
Specifically, in FIGS. 2, 3 and 5, holes for forming the 
oxygen flowing passages 113 and the hydrogen flowing 
passages 1 1 4 are fomned in spacers 1 06a, 1 06c on the 5 
left hand side of the electric current supplier 105, and 
the corresponding positions of the electrode plate 104, 
while holes for fomning the demlneralized water flowing 
passages 115, 116 are formed in the spacers 106b, 
106d on the right hand side of the electric current sup- 
plier 105, and the con^esponding positions of the elec- 
trode plate 104. In FIGS. 2, 3 and 5, the space S on the 
upper side of the electrode plate 104 acts as hydrogen 
generating chamber C, while the space S on the lower 
side acts as oxygen generating chamber A. Into the 
groove 111 is fitted the annular sealing member 107 for 
hermetically sealing the hydrogen generating chamber 
C and the oxygen generating chamber A from the out- 
side. 

[0115] In FIGS. 2, 3 and 5, on a lower side of the spac- 
er 106a positioned on the upper and left hand side of 
the electrode plate 1 04 is formed O-ring groove 1 1 7 sur- 
rounding the oxygen flowing passage 113. and hydro- 
gen groove 118 for connection between the hydrogen 
flowing passage 114 and the hydrogen generating 
chamber C. On an upper side of the spacer 1 06a is also 
formed another 0-ring groove 117 surrounding the ox- 
ygen flowing passage 113. 

[01 16] On an upper surface of the spacer 1 06c posi- 
tioned on the lower and left hand side of the electrode 
plate 1 04 are fomned 0-ring groove 1 1 7 surrounding the 
hydrogen flowing passage 114, and oxygen groove 119 
for connection between the oxygen flowing passage 1 1 3 
and the oxygen generating chamber A. On a lower sur- 
face of the spacer 1 06c is also fomied another 0-ring 
groove 1 1 7 surrounding the hydrogen flowing passage 
114. 

[0117] On upper and lower surfaces of the spacer 
1 06b positioned on the upper and right hand side of the 
electrode plate 1 04 are formed 0-ring grooves 117 sur- 
rounding the demlneralized water flowing passages 
115, 116. 

[01 1 8] On the upper surface of the spacer 1 06d posi- 
tioned on the lower and left hand side of the electrode 
plate 1 04 is formed demlneralized water groove 1 20 for 
connection between the demlneralized water flowing 
passages 115,116 and the oxygen generating chamber 
A. 

[0119] 0-rings 121 are respectively fitted into the O- 
ring grooves 117.TheseO-rings 121 effectively shut the 
respective fluid flowing passages off from the oxygen 
generating chamber, the hydrogen generating chamber 
and the outside. 

[0120] The demlneralized water groove 120 fomied 
on the spacer 106d on the lower and left hand side of 
the electrode plate has a different shape from the hy- 
drogen groove 118 and the oxygen groove 119 fonmed 
on the other spacers 1 06a, 1 06c. That is, on the contrary 



to the hydrogen groove 118 and the oxygen groove 119 
each fomied as an independent single groove, the dem- 
lneralized water groove 1 20 is formed with recess 120a 
for connection between the demlneralized water flowing 
passages 115, 1 1 6 and the oxygen generating chamber 
A, having a width enough to surround the two demlner- 
alized water flowing passages 115, 116, and small 
grooves 120b fomned on a bottom surface of the recess 
1 20a, extending from the flowing passages 1 1 5, 1 1 6 to- 
wards the oxygen generating chamber A. The demlner- 
alized water groove 120 having this an-angement ena- 
bles uniformed feeding of demineralized water as elec- 
trolyzed water to the porous electric current suppliers 
105. The 0-ring 121 mounted on the spacer 106b closer 
to the hydrogen generating chamber prevents inflow of 
the demineralized water into the hydrogen generating 
chamber C. 

[0121] On the other hand, oxygen gas generated in 
the oxygen generating chamber A is taken out from the 
oxygen flowing passage 1 1 3 through the oxygen groove 
119. The 0-ring 121 mounted on the spacer 106a dis- 
posed within the hydrogen generating chamber C pre- 
vents oxygen gas flowing in the oxygen flowing passage 
113 from outflowing to the hydrogen generating cham- 
ber 0. 

[01 22] Hydrogen gas generated in the hydrogen gen- 
erating chamber C is taken out from the hydrogen flow- 
ing passage 1 1 4 through the hydrogen groove 118. Sim- 
ilarly, the 0-ring 121 mounted on the spacer 106c dis- 
posed within the oxygen generating chamber A pre- 
vents hydrogen gas flowing in the hydrogen flowing pas- 
sage 114 from outflowing to the oxygen generating 
chamber A. 

[0123] The sealing member 1 07 prevents the gener- 
ated oxygen gas and hydrogen gas from leaking to the 
outside via a connected portion of the electrode plate 
unit 1 03. This sealing member 1 07 is so an-anged as to 
be pressed by a bottom of a groove 1 1 1 ' of another elec- 
trode plate 104' adjacent to one electrode plate 104, 
while being fitted into the groove 1 1 1 fomied on the one 
electrode plate 104 (see FIGS. 2 and 3). That is, the 
bottom of the groove 111' of the other electrode plate 
1 04' which abuts the sealing member 1 07 fitted into the 
groove 111 of the one electrode plate 104 is pressed 
and defomried upon receiving the fastening force of the 
fastening bolts for fastening several electrode plate 
units 103 together, in addition to increased pressure 
within the oxygen generating chamber A and the hydro- 
gen generating chamber 0 due to the generated gases, 
so that the bottom of the groove 111' presses the sealing 
member 1 07 and defonns the same towards an inner 
wall of the groove 111 of the one electrode plate 104. 
Therefore, unlike a conventional electrochemical cell 
with gaskets stacked on plate-shaped electrode plates, 
the gaskets do not protrude to the outside due to exces- 
sive fastening force, thereby preventing creep of the 
gaskets due to large deformation. As a result, the seal- 
ing ability of the electrochemical cell can be improved. 
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[0124] In assembling the electrochemical cell 101 by 
interconnecting the electrode plate units 103 together, 
the porous electric current suppliers 105 and the spac- 
ers 1 06 are disposed within the spaces S, while the seal- 
ing member 107 and the 0-rlngs 121 are respectively 
disposed in the grooves 111,117. That is, the respective 
parts are placed in position as fitted in the corresponding 
recessed portions (spaces S, grooves 111,117). There- 
fore, the electrode plate unit 103 according to this em- 
bodiment can be assembled In remarkably easy manner 
as compared with the conventional electrochemical cell. 
[0125] As described above, the electrochemical cell 
101 of this embodiment has the plurality of electrode 
plate units 103 interconnected together with the protru- 
sions 110 and the recesses 109 of the one electrode 
plate 1 04 respectively facing the recesses 1 09' and the 
protrusions 110' of the other electrode plate 104' posi- 
tioned above the one electrode plate 104 and adjacent 
to the same. That is, the electrochemical ceil 101 has a 
honeycomb-like side portion fomned by the protrusions 
110 and the recesses 109 of the electrode plate 104 
(FIG. 1(b)). Therefore, the electrochemical cell 101 can 
obtain a strength enough to withstand against a high 
pressure within the cell caused by a generated gas, 
while using the electrode plates 1 04, which are fomned 
from such a thinner metal plate as to be capable of being 
press-fonned. In addition, the electrode plates 1 04 fomri- 
ing the honeycomb-like side portion each have such a 
thickness as to be capable of being press-fonned, and 
also possess a proper elasticity through the peripheral 
edge portion 108 with the alternately arrayed recesses 
109 and protrusions 110. Therefore, it is possible to ef- 
fectively compensate increase in contacting surface 
pressure between the adjacent electrode plate units due 
to assembling errors in assembling, thennai expansion 
of the gaskets during the operation, or the like. As a re- 
sult, the electrochemical cell 1 01 can be used for a so- 
called high-pressure type hydrogen/oxygen generating 
device (operating pressure: e.g., about 10 atm.) without 
using a known electrolysis tank. 
[0126] As the solid electrolyte membrane 2, a so- 
called solid polymer electrolyte membrane formed from 
an ionic conductive polymer membrane having opposite 
side surfaces on which porous catalytic electrodes 
made of metals of the platinum group or the like formed 
by electroless plating, hot pressing or the like Is some- 
times used. Since this solid polymer electrolyte mem- 
brane is relatively soft, it is likely to be damaged if the 
pressure increases on its surfaces contacting the po- 
rous electric feeding membranes 105. However, the 
electrochemical cell 1 01 of the present invention with 
the electrode plates 104 having such an elasticity as to 
compensate the increase in contacting surface pressure 
due to the thermal expansion can effectively prevent 
damages on the solid polymer electrolyte membrane, 
and hence maintain a stabilized water electrolysis for a 
long period of time. 



Embodiment 2 

[0127] Now, the electrochemical cell of one embodi- 
ment according to the second aspect of the present in- 
5 vention will be described with reference to the drawings. 
[0128] FIG. 8 is a perspective view illustrating an es- 
sential portion of electrochemical cell 201 of this embod- 
iment prior to the assembling thereof. FIG. 9 is a cross 
section taken along line IX-IX in FIG. 8, illustrating the 
10 essential portion of the electrochemical cell 201 of FIG. 
8 prior to the assembling thereof. FIG. 1 0 is a perspec- 
tive view illustrating an electrode plate, a porous electric 
cun^ent supplier and one annular member in the electro- 
chemical cell of FIG. 8. FIG. 11 Is a perspective view 
IS illustrating an electrode plate, a porous electrto current 
supplier and another annular member in the electro- 
chemical cell of FIG. 8. FIG. 12 is across section taken 
along line Xll-XII in FIG. 10. FIG. 13 is a perspective 
view illustrating an essential portion of another embod- 
20 iment of the electrochemical cell prior to the assembling 
thereof according to the second aspect of the present 
invention. FIG. 14 is a cross section taken along line 
XIV-XIV in FIG. 13, illustrating an essential portion of 
the electrochemical ceil of FIG. 13 prior to the assem- 
25 bling thereof. 

[01 29] As illustrated in FIG. 9, the electrochemical cell 
201 of this embodiment Is fonned by lining up a prede- 
termined set of solid electrolyte membrane units 202. 
Each solid electrolyte membrane unit 202 includes solid 
30 electrolyte membrane 203, electrode plates 204 dis- 
posed on the opposite sides of the solid electrolyte 
membrane 203, porous electric cun^ent suppliers 205 
disposed within accommodation spaces fonned be- 
tween the solid electrolyte membrane 203 and the elec- 
35 trode plates 204. One of the accommodation spaces 
acts as anode chamber A, while the other acting as cath- 
ode chamber C. 

[0130] The electrochemical cell 201 has a plurality of 
the solid electrolyte membrane units 202 interconnected 
40 to each other in tandem. Specifically, as illustrated in 
FIG. 9, one unit 202 is interconnected to an adjacent 
unit 202 via a proper fastening means such as bolts with 
an electrode plate in a connecting portion jointly held by 
these units. The outennost electrode plates of the inter- 
45 connected units act as monopolar electrode plates. With 
this arrangement, demineralized water fed is electro- 
tyzed by applying an electrolysis voltage between the 
monopolar electrode plates, thereby generating oxygen 
gas in the anode chamber A and hydrogen gas in the 
50 cathode chamber C. 

[0131] The units 202 each are also provided with an- 
nular member 206 defining the anode chamber A and 
the cathode chamber C in cooperation with the mem- 
brane 203 and the electrode plate 204. This annular 
55 member 206 is disposed surroundingthe porous electric 
cun^ent supplier 205, so that it acts as a seal ring mem- 
ber to isolate the anode chamber A and the cathode 
chamber C from the outside. Specifically, seal rings 
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207a, 207b are provided on a peripheral edge portion 
of a side surface of the annular member 206 (see FIGS. 
1 0 and 11). The seal ring member thus seals the porous 
electric current supplier 205 from the outside. The illus- 
tration of the seal rings is omitted in FIGS. 8 and 9. 
[0132] The electrode plates 204 each have a periph- 
eral edge portion and center protrusion 204a projected 
along radially inward ends of the opposite side surfaces 
of the peripheral edge portion towards the opposite 
sides of the cell stacking direction. In this embodiment, 
the electrode plates 204 each have a substantially cir- 
cular shape In plane, while the center protrusion 204a 
is fomned into a circular shape coaxial with the electrode 
plates. The center protrusion 204a is fitted into a center 
hole of a corresponding annular member 206 (see FIG. 
9, or other Figure), thereby achieving improved assem- 
bling efficiency of the electrochemical cell. More specif- 
ically, in this embodiment, the electrode plates 204 each 
are shaped to have a plate thickness of about 1 mm in 
the peripheral edge portion and about 5mm In the center 
protrusion 204a by using a titanium plate having a plate 
thickness of about 5mm. That is, the electrode plates 
204 each have opposite side surfaces on which oppo- 
site sides of the center protrusion 204a each having a 
height of about 2mm from the peripheral edge portion 
are fonmed. The porous electric current suppliers 205 
each have a thickness of about 1mm, and the annular 
members 206 each have a thickness of about 3mm. 
[0133] As Illustrated in FIG. 8, excepting the porous 
electric current supplier 205 having a diameter smaller 
than other parts, the membrane 203, the electrode 
plates 204 and the annular members 206 have periph- 
eral edge portions each fomning therein holes with a 
substantially equal spacing along the peripheral direc- 
tion, which holes respectively forming oxygen gas take- 
out conduit 208, hydrogen gas take-out conduit 209, 
deminerallzed water feeding conduit 210 and water 
drainage conduit 211 for the cathode chamber. 
[0134] The annular members 206 and the electrode 
plates 204 each form therein passages for connection 
between the respective conduits 208, 209, 21 0, 21 1 and 
the anode chamber A or the cathode chamber C, as il- 
lustrated in FIGS. 8-11. 

[0135] That is, annular member 206a for the anode 
chamber A has a side surface facing the electrode plate 
204 (see FIG, 10) that forms therein two grooves 212 
for connections of the oxygen gas take-out conduit 208 
and the deminerallzed water feeding conduit 21 0 to the 
anode chamber A. These grooves 21 2 respectively con- 
stitute oxygen gas take-out passage 213 and deminer- 
allzed water distributing passage 215. 
[0136] On the other hand, annular member 206c for 
the cathode chamber C has a side surface facing the 
electrode plate 204 (see FIG. 1 1) that fomns therein two 
grooves 212 for connections of the hydrogen gas take- 
out conduit 209 and the water drainage conduit 211 for 
the cathode chamber to the cathode chamber C. These 
grooves 212 respectively constitute hydrogen gas take- 



out passage 214 and water drainage passage 216. 
[01 37] Although the grooves 21 2 have a cross section 
with width b (FIG. 12) of about 6mm and depth h (FIG. 
12) of about 1mm in this embodiment, these sizes are 
5 only illustrative examples. 

[0138] Preferably, cut-away portions 21 7 are fonned 
at con^esponding positions of the peripheral edge por- 
tion of the center protrusion 204a of each electrode plate 

204 for securing communicated relationships between 
the respective grooves 212 and the anode chamber A 
or the cathode chamber C (see FIG. 9 and other Fig- 
ures). 

[01 39] The annular members 206 each fonm a space 
(center hole) on the inner diameter side, into which the 
center protrusion 204a of the electrode plate 204 is fitted 
from one side, and the porous electric cun^ent supplier 

205 is engagingly fitted from the opposite side. 
[01 40] The porous electric current suppliers 205 each 
Include a porous body made of a titanium mesh or the 
like, and reinforcing ring 205a extending radially out- 
wardly from the body. 

[0141] Since both the body and the reinforcing ring 
abut the membrane 203, the following treatment for im- 
parting acid resisting property Is conducted. That Is, a 
membrane-abutting suriace of the body is subjected to 
precious metal plating such as platinum plating, while a 
membrane-abutting surface of the reinforcing ring is 
coated with an acid resistant resin such as PFA or PTFE 
(polytetrafluoroethylene). Therefore, it is not necessary 
to use a conventionally needed PFA protection sheet 
which is thin and therefore poses Inconvenience In han- 
dling. 

[0142] As Illustrated In FIGS. 9 and 11 , on a side sur- 
face of the annular member 206 through which the po- 
rous electric current supplier 205 is fitted with the annu- 
lar member 206 is formed stepped portion S, into which 
the reinforcing ring 205a is fitted. The stepped portion 
S has substantially the same depth as the thickness of 
the reinforcing ring 205a to befitted. In this embodiment, 
both the reinforcing ring 205a and the stepped portion 
S have a thickness (depth) of about 0.1mm. 
[01 43] In the thus an^anged electrochemical cell 201 , 
deminerallzed water fed from the deminerallzed water 
feeding conduit 210 to the anode chamber A via the 
deminerallzed water distributing passage 215 is disas- 
sociated into oxygen gas and protons within the anode 
chamber (specifically, within a catalytic layer provided 
on a side surface of the membrane 202 closer to the 
anode chamber). The oxygen gas generated is taken 
out through the oxygen gas take-out passage 213 and 
the oxygen gas take-out conduit 208 along with the re- 
sidual demineralized water. 

[01 44] On the other hand, the protons intrude into the 
cathode chamber, pemneating through the membrane 
202, and turn Into hydrogen gas upon receiving elec- 
trons within the cathode chamber (specifically, within a 
catalytic layer provided on a side suriace of the mem- 
brane 202 closer to the cathode chamber). The gener- 
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ated hydrogen gas is taken out from the hydrogen gas 
take-out passage 214 through the hydrogen gas take- 
out conduit 209. 

[0145] As illustrated In FIGS. 9-11 , the opposite sides 
of each annular member 206 have peripheral edge por- 
tions that fonm therein two types of grooves 21 8a, 21 8b. 
The groove 218a is fonned surrounding the respective 
fluid conduits 208, 209, 21 0, 211 . Seal ring 207a having 
a small circular shape is mounted in the groove 21 8a to 
seal the respective fluid conduits 208, 209, 210, 211 . 
[0146J On the other hand, the groove 21 8b is formed 
as passing on the radially outer side of the fluid conduits 
in connection with the fluid passages 213, 214, 215, 
216, among the fluid conduits 208, 209, 210, 211 , and 
on the radially inner side of the fluid conduits out of con- 
nection with the fluid passages 213, 214, 215, 216, 
among the fluid conduits 208, 209, 21 0,211. Seal ring 
207b having a larger diameter is mounted in the groove 
218b to seal the anode chamber A and the cathode 
chamber C. 

[0147] Preferably, the annular member 206a defining 
the anode chamber A has the seal ring grooves 218a, 
218b formed at different positions (the seal rings 207a 
and 207b disposed at different positions) from those of 
the annular member 206c defining the cathode chamber 
C. 

[0148] That is, as illustrated in FIGS. 9 and 10, the 
annular member 206a defining the anode chamber A 
fomris at corresponding positions of the opposite side 
surfaces the grooves 218a, 218b having the same 
shape, and the seal rings 207a, 207b are respectively 
disposed in the same grooves on these opposite side 
surfaces, 

[0149] On the contrary to this, as illustrated in FIGS. 
9 and 1 1 , the annular member 206c defining the cathode 
chamber C forms the seal ring grooves 21 8a, 21 8b only 
on one side surface thereof, and therefore the seal rings 
207a, 207b are mounted on only the grooves 218a, 
21 8b of this one side surface. 

[0150] The forming positions of the grooves 207a, 
207b of the annular member 206a are different from 
those of the annular member 206c for the following rea- 
son. That is, where a soft solid electrolyte membrane 
203 is used and the seal rings 207a, 207b are disposed 
on the opposite sides of the solid electrolyte membrane 
203, the seal rings 207a, 207b resultingly clamp the soft 
solid electrolyte membrane 203 from the opposite sides. 
This may invite damages on the membrane 203. Also, 
where soft seal rings 207a, 207b are disposed facing to 
each other with the soft solid electrolyte membrane 203 
therebetween, a sufficient reaction force against the 
seal rings 207a, 207b cannot be expected when assem- 
bling the electrochemical cell, so that a sufficient sealing 
effect may not be produced. 

[0151] In order to avoid these disadvantages, in this 
embodiment, the solid electrolyte membrane 203 each 
are so arranged as to be clamped by the seal rings 207a, 
207b and a flat surface of the annular member 206. If 



the solid electrolyte membrane is made of a hard mate- 
rial such as ceramics, the seal rings 207a, 207b can be 
disposed on the opposite sides of the membrane. 
[0152] Thus, the respective fluid conduits 208, 209. 
5 210,211 In connection with the fluid passages 21 3, 21 4, 
215, 216 maintain a communicating relationship with a 
con^esponding anode chamber A (or cathode chamber 
C), while being well sealed from the outside. The re- 
spective fluid conduits out of connection with the fluid 
passages are sealed from the peripheries. 
[0153] In this embodiment, as described above, the 
seal rings 207b having a larger diameter each are de- 
signed to pass on the inner side of the fluid conduits 208, 
209, 21 0. 21 1 out of connection with the fluid passages 
213,21 4, 21 5, 21 6. Alternatively, it is a matter of course 
that the seal ring 207b of a larger diameter passes on 
the radially outer side of all the fluid conduits 208, 209, 
210. 211. 

[0154] For example, the seal ring grooves 21 8a, 21 8b 
have width w (see FIG. 12) of about 2.1mm, depth k of 
about 1mm, while the seal rings 207a, 207b have a 
cross sectional diameter of about 1 .5mm. 
[0155] In this embodiment, the annular members 
206a each have opposite side surfaces on which the 
seal ring grooves 218a, 218b are formed, while the an- 
nular members 206c each have the only one side sur- 
face on which the seal ring grooves 218a, 218b are 
fonned. However, it is a matter of course that the rela- 
tionship between them can be reversed. 
[0156] Further, the annular members 206 are made 
of a non-conductive material having acid resisting prop- 
erty, and preferably a predetermined strength. As such 
a material, for example, fiber reinforced plastic, fluoro- 
plastic and ceramics are properiy used. 
[01 57] The seal rings 207a, 207b possess a predeter- 
mined elasticity, and preferably they have acid resisting 
property. As such a material, for example, acid resistant 
rubber such as fluorine rubber and perfluoroelastomer, 
and a double structured rubber with an acid resistant 
layer formed thereon are properly used. 
[0158] Further, in the Illustrated embodiment, al- 
though the membrane 203, the electrode plates 204 and 
the annular members 206 fomn therein holes that do not 
constitute the oxygen gas take-out conduit 208, the hy- 
drogen gas take-out conduit 209, the demlneralized wa- 
ter feeding conduit 210 and the water drainage conduit 
211 for the cathode chamber, these holes may be used 
as fluid conduits according to needs, or may be omitted 
if they are not needed. 

[0159] In FIGS. 13 and 17, electrochemical cell 221 
according to another embodiment of the second aspect 
of the present invention is illustrated. This electrochem- 
ical cell 221 has a rectangular shape in plane. That is, 
all of solid electrolyte membrane 223, electrode plates 
224 on the opposite sides of the membrane 223, porous 
electric current suppliers 225 and annular members 226 
have a rectangular shape in plane. The positional rela- 
tionship between these constituent parts 223, 224, 225, 
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226 are the same as that of the aforesaid electrochem- 
ical cell 201 (see FIGS. 8-11 and other Figures). 
[0160] While, in the electrochemical cell 201 as illus- 
trated in FIGS. 8-11 , the reinforcing rings 205a are pro- 
vided on the porous electric current suppliers 205, and 
the annular members 206 form thereon the stepped por- 
tions S into which the reinforcing rings 205a are fitted, 
the electrochemical cell 221 of this embodiment is not 
provided with both the reinforcing rings and the stepped 
portions S. 

[0161] That is, in the electrochemical cell 221 of this 
embodiment, the annular members 226 each form win- 
dow 226b of a rectangular outer shape which is substan- 
tially identical with the porous electric current supplier 
225, enabling the porous electric current supplier 225 to 
be mounted in this window 226b. That is, the window 
226b which is positioned between the membrane 223 
and the electrode plate 224 constitutes the anode cham- 
ber A or the cathode chamber C. 
[0162] The porous electric current suppliers 225 are 
formed as being slightly thicker than the annular mem- 
bers 226. Whereby, the porous electric current suppliers 
225 can securely contact the solid electrolyte mem- 
brane 223 and the electrode plates 224 in assembling 
the electrochemical cell 221 without the necessity to 
fomn the electrode plates 224 to have the center protru- 
sions 204a as the electrode plates 204 as illustrated in 
FIGS. 8-11 . The secured contacts between these elec- 
tric cun-ent suppliers 225, the membrane 223 and the 
electrode plates 224 prevents increase of the electric 
resistance and effectively prevents deterioration of the 
electrolysis efficiency. 

[01 63] It is a matter of course to form the porous elec- 
tric current suppliers 225 as being thinner than the an- 
nular members 226 in the same manner as the electro- 
chemical cell of FIGS. 8-11 . In such a case, the porous 
electric cun'ent suppliers must be provided with reinforc- 
ing rings, while the annular members must fomri stepped 
portions around the windows 226b for the reinforcing 
rings. Also, the electrode plates each must form a center 
protrusion, that is, the center protrusion having substan- 
tially the same outer shape as the rectangular windows 
In the same manner as the electrode plates 204 of FIGS. 
8-11. 

[0164] The annular members 226 each form an open- 
ing having a rectangular shape in plane on its one pe- 
ripheral side along the lengthwise direction. The solid 
electrolyte membrane 223 and the electrode plates 224 
also fonn similar openings at corresponding positions. 
The openings of the annular members 226, the solid 
electrolyte membrane 223 and the electrode plates 224 
fonm demineralized water feeding conduit 230. Prefera- 
bly, the demineralized water feeding conduit 230 has a 
width approximate to the width of the windows 226b of 
the annular members. 

[0165] On the other hand, the annular members 226 
each fomi openings spaced apart from each other on 
the opposite peripheral side along the lengthwise direc- 



tion. The solid electrolyte membrane 223 and the elec- 
trode plates 224 also fonn similar openings spaced 
apart from each other at conresponding positions. The 
openings of the annular members 226, the solid elec- 

5 trolyte membrane 223 and the electrode plates 224 re- 
spectively fonm oxygen gas tal<e-out conduit 228 and hy- 
drogen gas take-out conduit 229. 
[0166] In the electrochemical cell 221 having the 
above arangement, the following effects are produced. 

10 That is, as illustrated in FIG. 13, the window 226b of 
each annular member 226 defining the anode chamber 
A is of a rectangular shape, and demineralized water 
distributing passage 234 and oxygen gas take-out pas- 
sage 235 are respectively fomned on the outer sides of 

15 the window 226b, respectively closer to the one side and 
the opposite side along the lengthwise direction. Ac- 
cordingly, the demineralized water fed from the dem- 
ineralized water distributing passage 234 into the anode 
chamber A flows along the lengthwise direction of the 

20 window 226b from the one side towards the opposite 
side thereof. As a result, a unifonn cross sectional area 
is achieved across a demineralized water passage in 
the anode chamber A. 

[0167] More specifically, the cross sectional area of 
25 the anode chamber A between its demineralized water 
feeding side and its generated oxygen take-out conduit 
side is substantially unifonn along the lengthwise direc- 
tion of the window 226. Accordingly, the flow rate of the 
demineralized water Is substantially unifomn at an ariDi- 
30 trary position along the lengthwise direction of the anode 
chamber A. As a result, the water electrolysis in a con- 
tacting portion between the electric current suppliers 
225 and the membrane 223 are substantially equally 
earned out throughout the whole region of the anode 
35 chamber along the lengthwise direction, so that hydro- 
gen gas and oxygen gas can be produced with an im- 
proved effbiency. 

[0168] As Illustrated In FIGS. 13 and 14, the annular 
members 226a, 226c each have opposite side surfaces 

40 fonning thereon rectangular sealing grooves 227 that 
sun'ound all of the openings respectively fonning the 
windows 226b, the demineralized water feeding conduit 
230, the oxygen gas take-out conduit 228 and the hy- 
drogen gas take-out conduit 229. Seal ring 231 having 

45 a rectangular shape (hereinafter referred to a rectangu- 
lar seal ring) is fitted into the groove 227. 
[01 69] Annular member 226a f omning therein the win- 
dow 226b defining the anode chamber A (annular mem- 
ber for anode chamber) has opposite side surfaces 

50 forming thereon seal ring grooves 232 surrounding the 
opening constituting the hydrogen gas take-out conduit 
229, and seal ring 233 is mounted in the groove 232. 
The annular member 226a for anode chamber has one 
side surface forming thereon the demineralized water 

55 distributing passage 234 for connection between the 
opening constituting the demineralized water feeding 
conduit 230 and the window 226b. The demineralized 
water distributing passage 234 may be fonned by sev- 
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era! grooves, enabling the feeding of demineralized wa- 
ter from the opening constituting the demineralized wa- 
ter feeding conduit 230 into the window 226b to be 
equally conducted across the width direction of the win- 
dow 226b. The annular member 226a for anode cham- 5 
ber also forms on the one side surface the oxygen gas 
take-out passage 235 for connection between the win- 
dow 226b and the opening constituting the oxygen gas 
talce-out conduit 228. 

[0170] On the other hand, annular member 226c 
fonning therein the window 226b defining the cathode 
chamber C (annular member for cathode chamber) has 
opposite side surfaces respectively fomning seal ring 
groove 236 and seal ring groove 238 respectively sur- 
rounding the openings constituting the oxygen gas take- 
out conduit 228 and the demineralized water feeding 
conduit 230. Seal ring 237 and seal ring 239 are mount- 
ed in these grooves 236 and 238. The annular member 
226c for cathode chamber has one side surface fonning 
thereon hydrogen gas take-out passage 240 for connec- 
tion between the Inside of the window 226b and the 
opening constituting the hydrogen gas take-out conduit 
229. 

[0171 ] As a result of the above arrangement, both the 
demineralized water feeding conduit 230 and the oxy- 
gen gas take-out conduit 228 are properly sealed with 
respect to the outside and the cathode chamber C. In 
addition, the hydrogen gas take-out conduit 229 are 
properiy sealed with respect to the outside and the an- 
ode chamber A, while the anode chamber A and the 
cathode chamber C are properly sealed with respect to 
the outside. 

[0172] In this embodiment, the rectangular seal ring 
231 is so arranged as to pass on the outer side of all the 
fluid conduits 228, 229, 230. IHowever, it Is a matter of 
course that the rectangular seal ring 231 can pass on 
the inner side of the fluid conduits 228, 229, 230 out of 
connection with the fluid passages 234, 235, 240. 
[0173] In FIG. 14, the respective seal rings 231 , 233, 
237, 239 are illustrated in chain double-dashed line for 
easy understanding. 

[0174] As illustrated in FIG. 14, the opposite rectan- 
gular seal rings 231 (represented by reference codes 
231a, 231b) disposed with the solid electrolyte mem- 
brane 223 therebetween are so arranged as not to face 
each other. This is because it Is not suitable for the solid 
electrolyte membrane 223 to be clamped by the oppo- 
site soft rectangular seal rings 231 a, 231 b. The annular 
members 226 each have seal ring grooves fonried on 
the opposite side surfaces, which grooves being offset 
from each other so as not to face each other. This Is so 
as not to fonn the annular member 226 with a thickness 
larger than needed. 

[0175] As the solid electrolyte membrane 223, It is 
preferable to use a solid polymer electrolyte membrane 
prepared by fonming solid polymer electrolyte into a 
membrane fomi and fomriing a porous layerfomied from 
a metal of the platinum group on the opposite side sur- 



faces of this membrane by hot pressing or chemically 
electroless plating. As the solid polymer electrolyte, It is 
preferable to use a cation exchange membrane (fluoro- 
carbon-type sulfonic acid, cation ion-exchange mem- 
brane, such as Naflon 11 7 from DuPont). 
[01 76] The electrochemical cell may be placed in ver- 
tical or horizontal orientation. The electrode plate of the 
present Invention can be applied not only to a high-pres- 
sure type hydrogen/oxygen generating device with the 
electrochemical cell disposed within an electrolysis 
tank, but also to a low-pressure type hydrogen/oxygen 
generating device equipped with no electrolysis tank. 

Embodiment 3 

[0177] Now, the electrochemical cell of one embodi- 
ment according to the third and fourth aspects of the 
present invention will be described with reference to the 
drawings. 

[01 78] FIGS. 1 8 are schematic views of electrochem- 
ical cell 301 according to this embodiment, in whteh FIG. 

1 B(a) is a plane view of the electrochemical cell 301 , 
and FIG. 18(b) Is a side view with a portion of FIG. 18 
(a) in section taken along line XVIIi-XVIll in FIG. 18(a). 
FIG. 1 9 Is a cross section illustrating an essential portion 
of the cross-sectional view taken along line XIX-XIX In 
FIG. 18(a). FIG. 20 is a cross section illustrating an es- 
sential portion of the cross-sectional view taken along 
line XX-XX In FIG. 1 8(a). FIG. 21 is a disassembled per- 
spective view of an electrode plate unit constituting the 
electrochemical cell of this embodiment. The electro- 
chemical cell 301 of this embodiment is fomned by using 
the electrode plate units as illustrated in FIG. 21 and 
hereinafter-described solid electrolyte membranes and 
the like. 

[0179] The electrochemical cell 301 as illustrated In 
FIGS. 1 8-20 includes the solid electrolyte membranes 

302 and electrode plate units 303 arranged In a stacked 
arrangement. That is, the electrochemical cell 301 is 
made up by a predetemiined number of the solid elec- 
trolyte membranes 302 and the electrode plates units 

303 aligned in a stacked arrangement with each solid 
electrolyte membrane 302 held by adjacent electrode 
plate units 303. The electrochemical cell 301 is made 
up by providing end plates 322 on the opposite sides of 
a stacked member of a predetemiined number of the 
solid electrolyte membranes 302 and the electrode plate 
units 303, and fastening the same by fastening bolts 
323. 

[0180] in the electrochemical cell 301 of this embod- 
iment, nuts 324 each are attached to each fastening bolt 
323 via a plurality of coned disc springs. For assembling 
the electrochemical cell, after aligning the solid electro- 
lyte membranes 302, the electrode plate units 303, etc., 
In a stacked arrangement, they are fastened together 
by the fastening bolts 323 or the like while being fas- 
tened by a pressing machine. 

[01 81 ] The electrode plate units 303 each are formed 
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by porous electric current supplier 305, spacer 306, 
sealing member 307 and the tike disposed on each side 
of electrode plate 304 of a titanium plate. As will be de- 
scribed later, the spacers 306 and the like fomi therein 
oxygen hole 313 for taking out generated oxygen gas, 
hydrogen hole 314 for taking out generated hydrogen 
gas, and demineralized water holes 31 5, 31 6 forfeeding 
demlneralized water used for electrolysis. 
[0182] Now, the description will be made in detail for 
the electrode plate 304 and its peripheral stmcture by 
refening to FIG. 21 . 

[01 83] The electrode plate 304 is f omied by plate por- 
tion 304a as an inner portion, peripheral edge portion 
304b disposed around the outer periphery of this plate 
portion 304a, and the like. Between the plate portion 
304a and the peripheral edge portion 304b are formed 
outer raised line 312a and inner raised line 312b. That 
is, groove 311 for the sealing member 307 is fomied 
along the inner edge of the peripheral edge portion 304b 
by bending. The electrode plate is bent on the inner side 
and outer side of this groove 31 1 to forni the outer raised 
line 31 2a and the inner raised line 31 2b extending along 
the groove 311. 

[0184] The electrode plate 304 can be formed by 
pressing a titanium plate preferably having a thickness 
of 0.3-0. 8mm and more preferably 0.5-0. 6mm. A partic- 
ular area of the electrode plate 304 which contacts (and 
may contact) an adjacent one when aligning the elec- 
trode plate units 303 In a stacked arrangement is coated 
for electrical isolation. For example, the bottom of the 
groove 311 for sealing member is coated with Teflon 
(polytetraf)uoroethylene) . 

[0185] Porous electric current suppliers 305(A) and 

305(C) are disposed on the center portions of the elec- 
trode plate 304 on the opposite sides thereof, while the 
spacers 306 are disposed on the opposite sides of each 
porous electric current supplier 305. In the spacers 306, 
lower spacers 306c, 306d are formed larger than upper 
spacers 306a, 306b. 

[0186] Annular spacer 306e is fitted into a dead space 
on the rear side (lower side) of the inner raised line 31 2b. 
The electrode plate 304 and the spacers 306 fonn at 
corresponding positions thereof fluid passage holes (ox- 
ygen holes 313, hydrogen holes 31 4, demineralized wa- 
ter holes 315, 316). Specifically, as illustrated In FIGS. 
19-21, the oxygen holes 313 and the hydrogen holes 
31 4 are fomied in predetermined portions of the spacers 
306a, 306c on the left hand side of the electrode plate 
304 and the corresponding positions of the electrode 
plate 304, while the demineralized water holes 31 5, 31 6 
are fonned in predetennined portions of the spacers 
306b, 306d on the right hand side of the electrode plate 
304 and the corresponding positions of the electrode 
plate 304. 

[0187] In FIGS. 19-21 , a space on the upper side of 
the electrode plate 304 is designated as the hydrogen 
generating chamber C, while a space on the lower side 
is designated as the oxygen generating chamber A. The 



sealing member 307 for sealing the hydrogen generat- 
ing chamber C and the oxygen generating chamber A 
from the outside ts fitted into the groove 311 fonned on 
the electrode plate 304 by bending. 
5 [0188] As illustrated in FIGS. 19-21, 0-ring groove 

31 7 is formed around the oxygen hole 31 3 on the lower 
surface of the spacer 306c on the upper and left hand 
side of the electrode plate 304, and hydrogen groove 

318 is fomied extending from the hydrogen hole 314 to 
10 an edge facing an adjacent porous electric current sup- 
plier. Another 0-ring groove 317 is also fonned around 
the oxygen hole 313 on the upper surface of this spacer 
306a. 

[01 89] 0-ring groove 31 7 is fonned around the hydro- 
's gen hole 314 on the upper surface of the spacer 306c 
on the lower and left hand side of the electrode plate 
304, and oxygen groove 319 is fonned extending from 
the oxygen hole 313 to an edge facing an adjacent po- 
rous electric current supplier 305. Another O-ring 
20 groove 31 7 Is also formed around the hydrogen hole 314 
on the lower surface of this spacer 306c. 
[0190] Another 0-ring groove 317 is also formed 
around the demlneralized water holes 315, 316 on the 
upper and lower surfaces of the spacer 306b on the up- 
25 per and right hand side of the electrode plate 304. Dem- 
ineralized water groove 320 is fonned extending from 
the demineralized water holes 315, 316 on the upper 
surface of the spacer 306d on the lower and right hand 
side of the electrode plate 304 to an edge facing the 
30 porous electric current supplier 305. 0-rings 321 are re- 
spectively fitted Into the O-ring grooves 31 7. 
[0191] The demineralized water groove 320 fonned 
on the spacer 306d on the lower and right hand side Is 
fonned into a shape different from the hydrogen groove 
35 318 and the oxygen groove 319 fonned on the other 
spacers 306a, 306c. That is, the hydrogen groove 318 
and the oxygen groove 319 are respectively fonned 
from the hydrogen holes 314 and the oxygen holes 313 
as independent single grooves. 
40 [0192] At the same time, the demineralized water 
groove 320 is fonned by widened recess section 320a 
for connection with the two demineralized water holes 
315, 316 and small groove sections 320b extending 
from this recess section 320a to an edge facing the po- 
45 rous electric current supplier 305. The recess section 
320a and the small groove sections 320b of the dem- 
ineralized water groove 320 are fonned in a substantial- 
ly sector shape for having demineralized water as elec- 
trolyzed water running through the porous electric cur- 
50 rent supplier 305 as equal as possible. 

[01 93] In this embodiment, for the purpose of improv- 
ing the strength or other purposes, the spacers 306 are 
fonned by using metal such as titanium, and therefore 
insulating sheets 309a, 309b, 309c, 309d having sizes 
55 adapted to those of the spacers 306a, 306b, 306c, 306d 
are provided between the respective spacers 306 and 
the electrode plate 304. These insulating sheets 309 
each fonm in predetennined (corresponding ) positions 
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thereof fluid passage holes (oxygen holes 313, hydro- 
gen holes 314, demlneraiized water holes 315, 316). 
[0194] Also, the electrochennlcal cell 301 of this em- 
bodiment is designed so as to have shim 310 disposed 
along the peripheral edge portion 304b, a part of the s 
electrode plate 304 (outer periphery of the plate portion 
304a and outer periphery of the outer raised line 31 2a). 
[0195] FIG. 22 is an enlarged cross section of the 
sealing member 307 constituting the electrochemical 
cell 301 of this embodiment, in which the sealing mem- io 
ber 307 has a so-called diamond shape in cross section 
as illustrated in FIGS. 19, 20 and 22. 
[0196] The thus arranged electrochemical cell 301 ac- 
cording to this embodiment can produce desirable ef- 
fects as stated below. is 
[0197] That is, the electrochemical cell 301 ofthisem- 
bodiment, which has shims 310 having a predetemnined 
thickness inserted into clearances (onto the peripheral 
edge portions 304b) extending throughout the outer pe- 
ripheries of the multi-stacked electrode plates 304, en- 20 
ables equal clearances between the adjacent electrode 
plates 304, thereby enabling a predetennined fastening 
pressure on the surfaces of the solid electrolyte mem- 
branes 302 and the porous electrk; current suppliers 
305, and hence equally applied pressure on the whole 25 
surfaces. 

[01 98] Generally, sealing members or the like as elas- 
tic members are provided in each electrode plate 304 
forthe prevention of flu id leakage or the like. Since these 
sealing members have non-unifomn compression rate, 30 
the clearances between the adjacent electrode plates 
304 tend to become non-uniform. However, the shims 
31 0 disposed on the respective electrode plates 304 can 
easily maintain uniform clearances since they have a 
predetermined rigidity. 35 
[01 99] As a material for forming the shims 31 0 , it can 
be cited synthetic resins such as plastic having a pre- 
detemnined heat resistance (such a property as to be 
tolerable against the temperature of about SO^'C) and 
insulating property, ceramics, and metal coated with an 40 
insulating material. Such a material combined with the 
insulating property can securely achieve the isolation 
between the adjacent electrode plates. Among those 
materials, synthetic resins (e.g., PFA, PTF) are particu- 
larly preferable in light of workability and cost (fabrica- ^5 
bility at low cost) and the like. 
[0200] in this embodiment, the description was made 
by taking the case where the shim extends the whole 
periphery of each electrode plate 304. However, the 
present invention is not necessarily limited to this ar- so 
rangement. It is possible to employ an arrangement 
where shims are respectively disposed along four sides 
of each electrode plate 304 if necessary. 
[0201 ] The spacers 306 constituting the electrochem- 
ical cell 301 of this embodiment are fonned by using 55 
metal such as titanium and stainless steel. If these spac- 
ers 306 are fomied by using resin or the like, they have 
poor mechanical strength and thermal resisting proper- 



ty, which may invite the leakage due to differential pres- 
sure between the hydrogen side and the oxygen side. 
However, as described in this embodiment, the spacers 
made of metal can improve both the mechanical 
strength and the themnal resisting property, avoiding the 
leakage or the like due to the differential pressure be- 
tween the hydrogen side and the oxygen side. 
[0202] In this embodiment, the insulting sheets 309 
are interposed between the spacers 306 and each elec- 
trode plate 304 in order to secure insulation between the 
adjacent electrode plates 304. The insulating sheets 
309 are needed when the spacers 306 made of metal 
are used as in this embodiment, or the electrode plates 
304 are not subjected to particularly, resin coating (in- 
sulating coating) or the like. 

[0203] The sealing members 307 constituting the 
electrochemical cell 301 of this embodiment each have 
a so-called diamond shape in cross section, as illustrat- 
ed in FIGS. 19, 20, and 22. The sealing members 30 
having such a shape each is defomned as illustrated in 
imaginary line (chain double-dashed line) in FIG. 22 by 
the application of compression force from the above 
when assembling the electrochemical cell 301 . Specifi- 
cally, upon receiving compression force, the sealing 
members 307 each are deformed with shoulder portions 
307a, 307a thereof protruding towards the opposite di- 
rections (see FIGS. 1 9, 20, and 22). When using a con- 
ventional sealing member such as a commonly used O- 
ring, hexagonal ring or octagonal ring, they are de- 
formed, protruding outwardly from the electrochemical 
cell when the pressure within the electrochemical cell 
becomes high, and such deformation may lead to the 
leakage of demlneraiized water. However, the sealing 
members 307 of this embodiment (the sealing members 
307 having a diamond shape in cross section) each are 
defomfied with both the shoulder portions 307a, 307a 
flaring towards the inside and outside of the electro- 
chemical cell 301 (see a portion represented by the im- 
aginary lines in FIG. 22), self-tightening action through 
this flaring enables the sealing members 307 to with- 
stand high pressure as a result of pressure increase 
within the electrochemical ceil, so that the leakage of 
hydrogen, oxygen and demlneraiized water can be pre- 
vented. 

[0204] That is, the sealing members 307 fitted into the 
grooves 311 each are pressed by the bottom of the 
groove 311 of an adjacent (upper) electrode plate 304. 
Accordingly, the sealing effect is exhibited by the press- 
ing force and inner pressure within the sealed grooves 
31 1 . As a result, unlike the conventional gaskets of aflat 
plate shape, the sealing members are unlikely to out- 
wardly protrude or cause creep. 
[0205] As materials for fonning the sealing members 
307, materials having a relatively rich elasticity such as 
mbber and synthetic resin (e.g., Teflon (polytetrafluor- 
oethylene)) are used. 

[0206] The shape of the sealing members 307 is not 
limited to a diamond shape. Rather, any shape can be 
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employed, provided that a predetermined portion of 
each sealing member 307 protrudes towards the inner 
side and outer side of the electrochemical cell 301 . Ac- 
cordingly, a reversed trapezoidal shape or the lllce may 
be employed. 

[0207] For assembling the electrochemical ceii 301 of 
this embodiment, after aligning the solid electrolyte 
membranes 302, the electrode plate units 303 and the 
like in a stacl<ed an'angement, they are fastened togeth- 
er by the fastening bolts 323 or the like while being fas- 
tened by a pressing machine. According to a conven- 
tional technique, several bolts were fastened by using 
a torque wrench or the like, friction resistance of the 
bolts, uneven fastening or the like made it very difficult 
to apply a predetermined fastening pressure on the sur- 
faces of the electric current supplier and the solid elec- 
trolyte membrane, and have fastening pressure uni- 
formed throughout the whole surfaces of the same. 
However, according to this embodiment, a predeter- 
mined fastening pressure can easily be applied on the 
surfaces of the electric cun-ent supplier and the solid 
electrolyte membrane by using a pressing machine 
when assembling the electrochemical cell 31 0, and unl- 
fomriizing of the fastening pressure throughout the 
whole surfaces can relatively easily be achieved. 
[0208] In the electrochemical cell 301 according to 
this embodiment, nut 324 is attached to each fastening 
bolt 323 via the plural coned disc springs 325. Accord- 
ingly, in this embodiment, the coned disc springs 325 
attached to each fastening bolt 323 apply biasing force 
to the bolt 323 and the nut 325. As a result, even if this 
electrochemical ceil 301 is used for a long period of time, 
the fastening pressure on the surfaces and the like orig- 
inally imparted can effectively be maintained by impart- 
ing biasing force to the fastening bolts 323 and the nuts 
325 via the coned disc springs attached to the bolts 323. 
That is, these coned disc springs 325 act as a buffer 
means for compensating themial expansion, thermal 
contraction or the like that occurs in the electrochemical 
cell 301 (electrode plates 304 or the like constituting the 
electrochemical cell 301). 

[0209] Herein , the description was made for the case 
where the coned disc springs 325 are used as the buffer 

means. However, the present invention is not necessar- 
ily limited to this arrangement. For example, coil springs, 
air pressure, hydraulic cylinders or the like may be used. 
The coned disc springs and the coil springs are suitable 
as buffer means because of easy availability and lower 
prices of those having a desirable elasticity (spring co- 
efficient), achieving easy fastening operation and com- 
pactness. 

[0210] In this embodiment, the description was made 
for the case where the spacers 306 each are Integrally 
fonnned by using metal. However, the present invention 
is not necessarily limited to this arrangement. For ex- 
ample, spacers may be formed having an arrangement 
as illustrated in FIG. 23. 

[0211] Spacer 346 as illustrated in FIG. 23 includes 



body portion 347 made of Teflon (polytetrafluoroethyl- 
ene) (represented by the broken lines In FIG. 23), first 
reinforcing plate 348 and second reinforcing plate 349 
each having a shape adapted to be fitted into this body 

5 portion 347. FIG. 23(a) is a plane view of the spacer 346 
fomned by using the body portion 347 and the reinforcing 
plate 348, and FIG. 23(b) is a cross section of essential 
portions of the reinforcing plates 348, 349 taken along 
line XXIII-XXIII in FIG. 23(a). The body portion 347 

10 fomis therein through-holes for fittingly receiving the re- 
inforcing plates 348, 349. The respective reinforcing 
plates 348, 349 are fomned by using metal such as tita- 
nium or stainless-steel. The first reinforcing plate 348 
fonns thereon 0-ring groove 317, while the second re- 

15 inforcing plate 349 fomis thereon passage grooves 
349a, through which oxygen, hydrogen and demineral- 
ized water pass. 

[021 2] As described above, the spacers 306 made of 

metal were used in the embodiment illustrated in FIGS. 
20 18-22 In order to prevent the leakage due to the differ- 
ential pressure between the hydrogen side and the ox- 
ygen side. In this regard, a portion where this leakage 
Is most frequently caused is in the proximity of each 
th rough -ho lefomried on each spacer for fluid (oxygen or 
25 the like) distribution. Therefore, a rigid material such as 
metal may be used only for a portion where leakage is 
likely to be caused, if necessary. For this reason, In FIG. 
23, only the portions In proximity of the through-holes 
for the fluid distribution are formed of metal, thereby 
30 achieving the spacer 346 that is capable of effectively 
preventing the leakage due to the differential pressure 
between the hydrogen side and the oxygen side. 
[0213] In the electrochemical cell 301 having the 
above an'angement according to this embodiment, 
35 demineralized water is fed to the porous electric current 
supplier 305 on the lower side of the electrode plate 304, 
which acts as the oxygen generating chamber A, via the 
two demineralized water holes 315, 316 and the dem- 
ineralized water groove 320. The 0-rings 321 block the 
40 inflow of the demineralized water into the hydrogen gen- 
erating chamber C. The oxygen gas generated in the 
oxygen generating chamber A is taken out via the oxy- 
gen groove 319 and the oxygen holes 313. The 0-rings 
321 block the inflow of the oxygen gas into the hydrogen 
45 generating chamber C. The hydrogen gas generated in 
the hydrogen generating chamber C is taken out via the 
hydrogen groove 318 and the hydrogen holes 314. The 
O-rings 321 block the inflow of the hydrogen gas into 
the oxygen generating chamber A. It is a matter of 
50 course that the generated oxygen and hydrogen gases 
are prevented from leaking to the outside via a portion 
between the adjacent electrode plate units 303. 
[0214] In assembling the electrochemical cell 301 by 
using the electrode plate units 303 of this embodiment, 
55 the porous electric current suppliers 305 and the spac- 
ers 306 are previously fitted Into spaces fomned on each 
electrode plate 304, and the sealing member 307 and 
the O-rings 321 are also respectively fitted into the 
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grooves 311 , 31 7. That is, the respective parts such as 
the porous electric current suppliers 305 and the spac- 
ers 306 are Inevitably placed In position according to the 
spaces formed on each electrode plate 304. Therefore, 
the assembling process can remarkably be simplified 5 
according to the electrochemical celt of this embodi- 
ment, when comparing it with the electrochemical cell 
of the conventional technique. 
[0215] As illustrated In FIG. 18, the electrochemical 
cell 301 of this embodiment fonns a rigid peripheral wall 
by fastening the fastening bolts 323, producing a 
strength enough to withstand a high pressure within the 
ceil. 

[0216] As the solid electrolyte membrane 302 consti- 
tuting the electrochemical cell 301 of this embodiment, 
a so-called solid polymer electrolyte membrane, which 
is fomried by fomriing porous layers of catalytic electrode 
formed from metal of the platinum group or the like on 
the opposite side surfaces of an ionic conductive poly- 
mer membrane by electroless plating, hot pressing or 
the like, Is used. Since this solid polymer electrolyte 
membrane is relatively soft, it is likely to be damaged by 
the pressure increase on its surface contacting the po- 
rous electric feeding membrane 305. IHowever, by using 
the shims 310 and the like, the electrochemical cell of 
this embodiment can achieve the unifomiizing of the fas- 
tening pressure on the surfaces, and hence maintain the 
stabilized water electrolysis without damaging the solid 
electrolyte membranes 302. 

[0217] The electrochemical cell 301 of this embodi- 
ment was described by taking for example the case 
where it uses the electrode plates 304 each having the 
peripheral edge portion 304b shaped into a flat plate. 
However, the present invention is not necessarily limited 
to this aaangement. For example, the electrode plates 
304 each may be formed in a shape as illustrated in 
FIGS. 23. Herein, FIG. 24(a) is a plane view illustrating 
the electrode plate according to another embodiment of 
the third and fourth aspects of the present Invention. 
FIG. 24(b) is a cross section taken along line XXIV(B) 
-XXI V(B) in FIG. 24(a). FIG. 24(c) is a cross section tak- 
en along line XX1V(C)-XXIV(C) in FIG. 24(a). FIG. 25 is 
a schematic view of the electrochemical cell formed by 
using the electrode plates 304 as illustrated in FIGS. 24. 
[0218] The electrode plate 304 of FIGS. 24 has pe- 
ripheral edge portion 338 that is bent to fomi recesses 
339 and protrusions 340, those of which are alternately 
arrayed along a peripheral edge. Both the recesses 339 
and the protrusions 340 have a shape formed by cutting 
an equilateral hexagon along the center line connected 
between the opposite comers (a kind of trapezoid) (see 
FIG. 24(c)). As is apparent from FIG. 24(a), the arrays 
of the recesses 339 and the protrusions 340 on the op- 
posite sides of the peripheral edge portion 338 are offset 
from each other by a half-pitch from each other. Accord- 
ingly, by turning two electrode plates 304 having the 
same arrangement over each other by 1 80 degrees and 
overlapping the same to each other, any one of the re- 



cesses 339 of one electrode plate 304 faces one of the 
protrusions 340 of another electrode plate 304. By as- 
sembling the electrochemical cell 301 with the electrode 
plates 303 stacked In plural stages, altemately tumed 
1 80 degrees and overlapped to each other, the electro- 
chemical cell 301 has a side portion formed with a hon- 
eycomb structure, that is, a three-dimensional hexago- 
nal honeycomb structure, as Illustrated in FIG. 25. 
[0219] The recesses 339 and the protrusions 340 
each are fonmed extending towards an inward side of 
the electrode plate 304 within a predetemiined dimen- 
sional range, while the groove 311 for the sealing mem- 
ber 307 is fornied by bending along an inner edge of the 
array of the recesses 339 and the protrusions 340 (along 
an inner edge of the peripheral edge portion 338). On 
the outward side and inward side of the groove 311 are 
formed the raised lines 312a, 312b along the groove 
311. The flat plate portion 304a formed inwardly than 
the inner raised line 312b is positioned substantially 
along the center between the bottoms of the recesses 
339 and the tops of the protrusions 340 in the thickness 
direction (see FIG. 24(b)). With this arrangement, tray- 
like space CS surrounded by the inner raised line 312b 
is formed on one side of the flat plate portion 304a, while 
another tray-like space AS surrounded by the groove 
311 is fonmed on the other side of the flat plate portion 
304a (see FIG. 24(b)). 

[0220] It is possible to form the electrode plate of the 
aforesaid embodiment (see FIGS. 1 8-22) and the here- 
in-described electrode plate (see FIGS. 24 and 25) by 
pressing a titanium plate. Portions of these electrode 
plates contacting or likely to contact adjacent electrode 
plates in stacked arrangement are coated for electrical 
insulation. That is, the bottoms of the recesses 339, the 
tops of the protrusions 340, the top of the outer raised 
line 31 2a and the bottom of the groove 31 1 for the seal- 
ing member are coated with Teflon (polytetrafluoroeth- 
ylene). 

[0221] As described above, in forming the electro- 
chemical celt 301 of FIG. 25 by using the electrode 
plates as illustrated in FIG. 24, the electrochemical cell 
301 has a side portion formed with a honeycomb stmc- 
ture by the recesses 339 and the protrusions 340 of the 
electrode plates 304 (see FIG. 25), and the rigid periph- 
eral wall of the electrochemical celt 301 can be formed 
by fastening the bolts 323. As a result, a strength 
enough to withstand high pressure within the cell can 
be produced. In addition, the side portion with the hon- 
eycomb structure can also have a proper elasticity ef- 
fected by its material and shape, and therefore compen- 
sate increased contacting surface pressure due to the 
thermal expansion. This electrochemical cell 301 can be 
employed as a so-called high-pressure type hydrogen/ 
oxygen generating device without using a known elec- 
trolysis tank and the like. 

[0222] Also, as described above, since the solid pol- 
ymer electrolyte membrane, which constitutes the elec- 
trochemical cell of this embodiment, is relatively soft, it 



15 



20 



25 



30 



35 



40 



45 



50 



22 



43 EP 1 231 298 A1 



is likely to be damaged if there causes high pressure on 
the surface contacting to the porous electric current sup- 
plier. IHowever, the electrochemical cell 301 as illustrat- 
ed In FIG. 25 can compensate pressure increase on the 
contacting surface due to the themnal expansion. As a 
result, the solid polymer electrolyte membrane is unlike- 
ly to be damaged, and hence stabilized water electrol- 
ysis can be maintained. 

[0223] Where the spacers (made of metal or the like), 
sealing members (diamond shape in cross section), in- 
sulating sheets, shims and the like, which are used for 
fomiing the electrochemical cell as described with ref- 
erence to FIGS. 1 8-22, are used for the electrochemical 
cell as illustrated in FIG. 25, the same effects as those 
in the embodiment as illustrated in FIGS. 18-22 can be 
produced. 

[0224] FIGS. 26 are schemata views illustrating the 
electrode plates constituting the electrochemical cell of 
the present invention, which electrode plates having 
outer peripheries entirely secured in position with resin. 
FIG. 26(a) illustrates the electrochemical cell of the em- 
bodiment described with reference to FIG. 18 and other 
Figures, whk;h has been secured in position with resin. 
FIG. 26(b) illustrates the electrochemical cell of the em- 
bodiment with reference to FIGS. 25 and other Figures, 
which has been secured in position with resin. 
[0225] Conventionally, the outer peripheries of the 
electrode plates constituting the electrochemical cell are 
open to the outside air, and therefore hydrogen, oxygen 
and demineralized water are likely to leak to the outside 
of the electrochemical ceil due to deterioration of the 
sealing members between the electrode plates or the 
like. Also, there was a problem that the electrode plates 
open to the outside air has a poor weather resistance. 
[0226] However, as illustrated in FIGS. 26, with the 
electrode plates 304 having the outer peripheries entire- 
ly secured in position with resin, it is possible to prevent 
hydrogen, oxygen and demineralized water from leak- 
ing to the outside of the electrochemical cell 301 . Also, 
the electrode plates 304 which are prevented from di- 
rectly contacting the outside air, can achieve an im- 
proved weather resistance and hence long lifetime of 
the electrochemical cell 301 . 



Claims 

1 . An electrode plate for a water electrolysis device, 
which is fomried from a metal plate and which com- 
prises a flat plate portion, and a peripheral edge por- 
tion positioned on the outer side of the flat plate por- 
tion and bent so that recesses and protrusions are 
alternately arrayed along an outer peripheral edge 
thereof. 

2. An electrode platefora water electrolysis device ac- 
cording to claim 1 , wherein the metal plate has such 
a thickness as to be capable of being press-fomned. 



3. An electrode plate for a water electrolysis device ac- 
cording to any one of claims 1 and 2, wherein a 
groove for receiving a sealing member is fomned be- 
tween the flat plate portion and the peripheral edge 

5 portion along the peripheral edge portion by bend- 
ing. 

4. An electrode plate for a water electrolysis device ac- 
cording to claim 3, wherein the flat plate portion Is 

10 positioned substantially along the center of the 
width of the electrode plate defined by bottoms of 
the recesses and tops of the protmsions. 

5. An electrode plate unit comprising: 

15 

an electrode plate fomried from a metal plate 
and including a flat plate portion, a peripheral 
edge portion positioned on the outer side of the 
flat plate portion and bent so that recesses and 
20 protrusions are altemately an-ayed along an 

outer peripheral edge thereof, and a groove 
formed by bending between the flat plate por- 
tion and the peripheral edge portion In such a 
manner as to extend along the peripheral edge 
25 portion; 

a sealing member mounted in the groove of the 
electrode plate; 

an anode-side electric cunrent supplier and a 
cathode-side electric current supplier respec- 
30 tively disposed on the opposite sides of the flat 

plate portion of the electrode plate; 
anode-side spacers and cathode-side spacers, 
the fonner disposed with the anode-side elec- 
tric current supplier positioned therebetween 
35 and the latter disposed with the cathode-side 

electric current supplier positioned therebe- 
tween as viewed in a plane view; wherein 
the electrode plate and both the spacers re- 
spectively fomi holes respectively forming an 
40 oxygen gas passage, a hydrogen gas passage 

and an electrolyzed water passage; 
the anode-side spacer has opposite side sur- 
faces on which sealing grooves are respective- 
ly formed surrounding one of the holes, which 
45 forms the hydrogen gas passage; and 

the cathode-side spacer has opposite side sur- 
faces on which sealing grooves are respective- 
ly formed sun^ounding those of the holes, which 
respectively fomi the oxygen gas passage and 
50 the electrolyzed water passage. 

6. An electrode plate unit according to claim 5, where- 
in the metal plate has such a thickness as to be ca- 
pable of being press-formed. 

55 

7. An electrode plate unit according to any one of 
claims 5 and 6, wherein: 
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the anode-side spacer has a side surface con- 
tacting the flat plate portion of the electrode 
plate, said side surface foiming thereon an ox- 
ygen gas groove for connection between the 
hole fonning the oxygen gas passage and the 
anode-side electric current supplier, and an 
electrolyzed water groove for connection be- 
tween the hole fonning the electrolyzed water 
passage and the anode-side electric current 
supplier; and 

the cathode-side spacer has a side surface 
contacting the flat plate portion of the electrode 
plate, said side surface fomitng thereon a hy- 
drogen gas groove for connection between the 
holefonningthe hydrogen gas passage and the 
cathode-side electric current supplier. 

8. An electrochemical cell connprising a plurality of the 
electrode plate units of any one of clalnns 5 to 7 and 
solid electrolyte nnembranes Interposed between 
adjacent ones of the electrode plate units; wherein 
the plurality of electrode plate units are aligned in a 
stacked arrangement, and an electrode plate of one 
of said adjacent electrode plate units has recesses 
and protrusions respectively facing protrusions and 
recesses of the opposite one of said adjacent elec- 
trode plate units. 

9. An electrochemical cell comprising solid electrolyte 
membranes and electrode plates aligned in a 
stacked arrangement with the solid electrolyte 
membranes between the electrode piates, and 
electric current suppliers disposed between the sol- 
id electrolyte membranes and the electrode plates, 
wherein said electrochemical ceil has a side portion 
having a honeycomb structure fomned by peripheral 
edge portions of the electrode plates. 

10. A solid electrolyte membrane unit comprising a sol- 
id electrolyte membrane, a pair of electrode plates 
respectively disposed on the opposite sides of the 

solid electrolyte membrane, porous electric cun-ent 
suppliers respectively disposed between each of 
the pair of electrode plates and the solid electrolyte 
membrane, an anode-side annular member and a 
cathode-side annular member respectively fomning 
therein center holes for receiving the porous electric 
current suppliers and defining an anode chamber 
and a cathode chamber on the opposite sides of the 
solid electrolyte membrane, and seal rings for iso- 
lating the anode chamber and the cathode chamber 
from the outside, 

wherein at least portions of the anode-side 
annular member and the cathode-side annular 
member contacting the solid electrolyte membrane 
possess acid resisting property; and 

wherein the seal rings are disposed in seal 
ring grooves fomied on side surfaces of the anode- 



side annular member and the cathode-side annular 
member. 

11. A solid electrolyte membrane unit according to 
s claim 1 0. wherein the solid electrolyte membranes, 

the electrode plates and the annular members re- 
spectively have peripheral edge portions positioned 
radially outward than the porous electrte current 
suppliers, the peripheral edge portions respectively 

fo fomiing therein first to third openings fonming fluid 
conduits for feeding demineralized water, taking out 
oxygen gas and taking out hydrogen gas; 

wherein the anode-side annular member 
fomis therein first and second fluid passages re- 

15 spectlvely for connection between the first opening 
and the anode chamber and between the second 
opening and the anode chamber; and 

wherein the cathode-side annular member 
fomris therein a third fluid passage for connection 

20 between the third opening and the cathode cham- 
ber. 

12. A solid electrolyte membrane unit according to 
claim 1 1 , wherein the first and second fluid passag- 

25 es are fonned on one side surface of the anode-side 
annular member, and the third fluid passage is 
formed on one side surface of the cathode-side an- 
nular member. 

30 13. A solid electrolyte membrane unit according to any 
one of claims 11 and 12, 
wherein: 

the sealing grooves of the anode-side annular 

35 member are respectively formed on opposite 

side surfaces of the anode-side annular mem- 
ber so as to pass on the radially outer side of 
the first and second openings, and on the radi- 
ally inner side of the third opening; 

40 the anode-side annular member fomns on op- 

posite side surfaces thereof sealing grooves of 
smaller diameter, surrounding the third open- 
ing, and seal rings of smaller diameter are re- 
spectively fitted in the sealing grooves of small- 

45 er diameter; 

the sealing grooves of the cathode-side annular 
member are formed on opposite side surfaces 
of the cathode-side annular member so as to 
pass on the radially inner side of the first and 

50 second openings, and on the radially outer side 

of the third opening; 

the cathode-side annular member forms on op- 
posite side surfaces thereof sealing grooves of 
smaller diameter, respectively independently 
55 surrounding the first and second openings, and 

seat rings of smaller diameter are respectively 
fitted in the sealing grooves of smaller diame- 
ter; and 
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at least some of the seal rings fitted in the seal- 
ing grooves of the anode-side annular member 
and the cathode-side annular member contact- 
ing the solid electrolyte membrane possess ac- 
id resisting property. s 

14. A solid electrolyte membrane unit according to any 
one of claims 11 and 12, 

wherein: 

10 

the sealing grooves of the annular members 
are respectively fomied on opposite side sur- 
faces of the annular members so as to pass on 
the radially outer side of the first to third open- 
ings; ^5 
the anode-side annular member forms on op- 
posite sides thereof sealing grooves of smaller 
diameter, surrounding the third opening, and 
seal rings of smaller diameter are respectively 
fitted in the sealing grooves of smaller diame- 20 
ter; 

the cathode-side annular member fomns on op- 
posite side surfaces thereof sealing grooves of 
smaller diameter, respectively independently 
surrounding the first and second openings, and 25 
seal rings of smaller diameter are respectively 
fitted in the sealing grooves of smaller diame- 
ter, and 

at least some of the seal rings fitted in the seal- 
ing grooves of the anode-side annular member 30 
and the cathode-side annular member contact- 
ing the solid electrolyte membrane possess ac- 
id resisting property. 

15. A solid electrolyte membrane unit according to any 35 
one of claims 10-14, 

wherein: 

the porous electric current suppliers respec- 
tively have porous bodies and reinforcing rings 40 
radially outwardly extending from the porous 
bodies; 

at least portions of the porous bodies and the 

reinforcing rings contacting the solid electrolyte 
membrane possess acid resisting property. ^5 

16. A solid electrolyte membrane unit according to any 
one of claims 10-15, 

wherein: 

50 

the center hole of the anode-side annular mem- 
ber has a rectangular shape with a substantially 
equal width throughout the length from the first 
opening to the second opening; and 
one of the porous electric current suppliers re- 55 
ceived within the center hole of the anode-side 
annular member has substantially the same 
shape as that of the center hole. 
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17. An electrolysis unit, wherein a plurality of solid elec- 
trolyte membrane units according to any one of 
claims 10-16 are interconnected with each other In 
tandem. 

18. An electrochemical cell comprising a solid electro- 
lyte membrane, electrode plates disposed on the 
opposite sides of the solid electrolyte membrane, 
electric current suppliers interposed between the 
solid electrolyte membrane and the electrode 
plates, and shim disposed between the electrode 
plates so as to adjust contacting relationship be- 
tween the solid electrolyte membrane and the elec- 
tric cunrent suppliers. 

19. An electrochemical cell according to claim 18, 
wherein each of the shims is fomied into an edge- 
less-shape so as to extend throughout the whole 
peripheral edge portion of each of the electrode 
plates. 

20. An electrochemical cell according to claim 18, 
wherein the shims are respectively disposed on op- 
posite sides of each of the electrode plates along 
the peripheral edge portion thereof. 

21. An electrochemical cell according to any one of 
claims 18-20, wherein the solid electrolyte mem- 
brane, the electrode plates, the electric current sup- 
pliers and the shims are aligned in a stacked ar- 
rangement between two end plates, the end plates 
are fastened to each other by using bolts and nuts 
adapted to the bolts, and buffer members exerting 
biasing forces are provided between the nuts and 
the end plates. 

22. An electrochemical cell according to claim 21, 
wherein the buffer members each comprise at least 
one of a coned disc spring and a coil spring. 

23. A method of assembling the electrochemical ceil 
comprising aligning a solid electrolyte membrane, 
electrode plates, electric current suppliers and 
shims in a stacked arrangement between two end 
plates; and fastening between the two end plates 
by bolts while applying a unifomi pressing force on 
the two end plates by a pressing machine. 

24. A method of assembling an electrochemical cell ac- 
cording to claim 23, wherein nuts adapted to the 
bolts and buffer members exerting biasing forces 
disposed between the nuts and the end plates are 
used in the step of fastening by the bolts. 

25. An electrochemical cell comprising a solid electro- 
lyte membrane, electrode plates disposed on the 
opposite sides of the solid electrolyte membrane, 
and electric current suppliers interposed between 
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the soiid electrolyte membrane and the electrode 
plates, wherein 

the electrode plates respectively form on por- 
tions in proximity of the peripheral edge portions 
thereof recessed grooves in which sealing mem- s 
bers are disposed; and 

the sealing members disposed in the grooves 
are shaped to have predetermined portions adapt- 
ed to protrude from the grooves towards the inner 
side and outer side of the electrochemical cell when 10 
the electrode plates are aligned in a stacked ar- 
rangement via the sealing members. 

26. An electrochemical cell according to claim 25, 
wherein the sealing members are fomried so as to 
have shoulder portions adapted to protrude towards 
the inner side and outer side of the electrochemical 
cell, when the sealing members have been fitted in- 
to the grooves. 



27. An electrochemical cell according to any one of 
claims 25 and 26, wherein the sealing members 
each have a diamond shape or reversed trapezoidal 
shape in cross section. 



28. An electrochemical cell comprising a solid electro- 
lyte membrane, electrode plates disposed on the 
opposite sides of the solid electrolyte membrane, 
and electric current suppliers interposed between 

the solid electrolyte membrane and the electrode 30 
plates, wherein the electrode plates respectively 
have outer peripheries secured to each other with 
a resin material. 

29. An electrochemical cell according to claim 28, 35 
wherein the resin material is at least one selected 
from the group consisting of epoxy resin, polyester 
resin and silicone resin. 

30. An electrochemical celt according to any one of 40 
claims 25 to 29, wherein shims are provided be- 
tween the electrode plates so as to adjust contact- 
ing relationship between the solid electrolyte mem- 
brane and the electric current suppliers. 



31. An electrochemical cell according to any one of 
claims 25 to 30, wherein the solid electrolyte mem- 
brane, the electrode plates, the electric current sup- 
pliers and the shims are aligned in a stacked ar- 
rangement between two end plates; and the end so 
plates are fastened to each other by using bolts and 
nuts adapted to the bolts, while buffer members ex- 
erting biasing forces are provided between the nuts 
and the end plates. 



32. An electrochemical cell according to claim 31, 
wherein the buffer members each comprise at least 
one of a coned disc spring and a coil spring. 
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